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FACE, 


RAVING  read  and  confidered  the 
Defign  of  the  feveral  Books  hither¬ 
to  publifhed  for  the  Explanation  of 
the  Newtonian  Philosophy,  under  the 
Titles  of  Co/?imefitaries^  Coiirfes,  EJfays,  Ele¬ 
ments,  Byjiems,  &c.  I  obferved  not  one  of 
them  all  could  be  juftly  efteemed  a  True 
System,  or  Gompleat  Body  of  this  Sci¬ 
ence. 

I  WOULD  not  here  be  underilood  to  have 
any  Defign  of  depreciating  the  Labours  of 
thofe  Gentlemen  who  have  gohe  before  me 
on  this  Subject  j  I  only  would  intimate  that 
their  Views  and  Defigns  were  very  dif¬ 
ferent  from  mine,  which  is  to  prefent  the 
World  with  a  Physico-Mathematical 
Treasury  of  Natural  Knowledge, 
upon  the  Principles  of  the  Newtofiian  Phi- 
lofophy,  which  1  have  been  chiefly  enabled 
to  effeft  from  the  abundance  of  Materials 
fupplied  by  the  Authors  of  the  Treatifes 
in  the  following  Catalogue,  each  of  which 
is  excellently  good  in  his  Way. 
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So  that  if  the  Cafe  be  truly  hated,  my 
Book  mav  be  looked  upon  as  a  Ge7ieral  Com¬ 
pendium  or  Abridginent  of  all  theirs.  For 
as  they  have  all  lain  before  me,  I  have  con- 
Ifantly  collated  them  upon  every  particular 
Subjetl,  as  I  proceeded  through  the  Work, 
and,  ieledled  the  bed:  of  every  Thing  I  could 
find  for  my  owm  Compofition. 

Hence  it  is,  that  where  fome  of  them 
have  been  wry  prolix,  my  Labour  has  been 
to  abridge  or  reduce  them  to  a  Compen¬ 
dium  of  Principles  and  Elfential  Propo-' 
fitlons  only.  Thus  Keill  on  the  Subjedl 
of  Motion  and  Aftronotny,  Mufchenb7-oek  on 
Cchejion,  Sir  Ifaac  Newton  on  Optics,  See. 
have  all  been  treated. 

As  Redundancy  on  the  one  Hand  has 
been  avoided,  fo  their  Deficiencies  on  the 
other  have  been  fupplied.  Thus  Keill's  In- 
trodudlion  to  Philojopby  relates  to  the  Me¬ 
chanical  Part  only.  Profefibr  Mufche77broek 
has  wholly  omitted  the  grand  Article  of 
A(iro7io7}iy,  and  the  Phyfical  Caufes  of  the 
Celcjlial  Motio72s  and  Pha;norne7ia.  Dr.  Def- 
aguliers  has  thought  fit  to  omit  the  mod: 
edential  Science  of  Optics,  and  is  almoft 
wholly  taken  up  on  Mechanical  and  Hy- 
droftaticalSubjedts.  Yea,  the  bed:  and  mod: 
g'encrai  Writer  S'C7-avefa7ide,  in  his  lad  large 
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Edition  of  his  Eleme72ts,  falls  far  fhort  of  a 
general  Sydem  or  Body  of  Philofophy,  in 
various  important  Subjects,  as  will  eafiiy 
appear,  by  comparing  his  Table  of  Con¬ 
tents  with  mine. 

I  TAKE  no  notice  of  lelTer  Trads,  fince 
few  of  them  pretend  to  any  thing  Syfle- 
matically;  and  they  who  do,  propole  it  with 
redricled  Views,  either  to  the  Theory  only, 
or  elfe  to  fome  principal  Parts  or  Branches 
of  the  Science.  Thus  JVo?~fters  Principles  of 
Philofophy  amount  to  little  more  than  a  Re- 
hearfal  of  Phefes,  with  fcarce  any  Demonlli  a- 
tions  throughout.  Pleljham's,  LeBures  are 
admirably  good  as  far  as  they  go.  And  the  ' 
Lectures,  lately  publiOi’d  by  the  Abbe  Nollet, 
are  but  a  Part  of  his  Work,  and  are  in¬ 
deed  excellent  Philolbphical  Sermons  or  De¬ 
clamations,  and  Ifriftly  in  the  French  Style 
and  Falie  *. 

But  what  others  have  done  is  not  fo 
much  the  Defign  of  this  Preface  to  relate, 
as  what  I  have  done  Myfelf  in  this  Trea- 
tife,  which  I  fliall  fpecify  under  the  fol¬ 
lowing  Heads. 

*  The  Lord  Rofcommon  observes, 

The  weighty  Bui  ion  one  Sterling  Line, 

Drawn  to  French  IFire,  would  thro’  whole  Pagesjhine, 
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First,  I  have  endeavoured  to  compile 
a  Compleat  Syftem  of  Philofophyy  from  the 
great  Fund  of  Materials  which  the  Writ¬ 
ings  and  Inventions  of  the  Moderns  have 
fupplied  me  with.  Under  this  Head  I  have 
had  regard  only  to  the  Choice  and  Propri¬ 
ety  of  the  Subjects}  and  their  Order  and 
Difpolition,  or  due  Arrangement  in  the 
Body  of  the  Work.  Hence  it  is  that  | 
have  admitted  nothing  that  is  not  of  a 
Phyfical  Nature,  and  omitted  nothing  that 
is  fo,  as  far  as  the  Limits  of  my  prefcribed 
Form  would  admit  me  to  go.  Nor  are 
thefe  fo  ftrait  as  not  to  be  comprehenfive 
of  every  material  Branch  of  natural  Sci¬ 
ence,  or  confiderable  Phaenomenon,  as  will 
eafily  appeal*,  from  a  View  of  tlie  Co72tcnt^ 
and  Index. 

Secondly,  What  has  been  wrote  upon 
each  Subjedl  in  every  Part  of  the  Science 
has  been  carefully  examined,  and  fuch  an 
Extradl  made  as  was  judged  to  give  a  fuL 
ficient  Idea  or  Notion  thereof  to  the  Rea^ 
der.  And  where  I  thought  a  more  exten- 
five  View  could  be  of  Service,  I  have  con- 
flantly  referred  to  the  belt  Authors  on  the 
Subjeft. 

Thirdly,  If  fi‘?>m  the  whole  Account, 
given  by  others,  of  any  particular  Branch 
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cf  Science,  I  could  not  collect  wliat  fufficed 
for  an  entire  Sketch,  I  have  endeavoured  to 
fopply  thofe  Deficiencies,  in  order  to  ren¬ 
der  every  Part  compleat,  and  fave  the  Rea¬ 
der  the  Trouble  of  turning  to  fcveral  Au¬ 
thors  for  that  Purpofe.  Remarkable  In- 
ftances  of  this  may  be  found  under  the  Ar¬ 
ticles  of  Wheel-Carriages^  Hydraulics,  Optics, 
&c. 

Fourthly,  If  the  Method  of  repre- 
fenting  or  demonftrating  any  Subject  or 
Propofition  by  others  has  not  been  judged 
lb  clear,  concife  or  natural  as  was  necef- 
fary,  I  have  propofed  it  in  my  own  way, 
to  anfwer  this  important  End:  For  the 
greateft  Excellency  of  a  Demonftration  is 
Concifenefs  aadPerfpicuity.  The  Want  of 
this  is  a  great  Difcouragement  to  Phyfical 
Enquiries,  as  I  am  but  too  well  convinced 
of  by  my  own  Experience,  and  that  of 
many  others. 

Fifthly,  According  to  the  different 
Nature  of  the  Subject,  a  various  Procefs 
has  been  made  ufe  of  to  explain  or  illuf- 
trate  the  fame.  Thus  fome  Things  require 
a  Phyfical,  others  a  Mechanical,  fome  a  Geo¬ 
metrical,  and  fome  an  Experimental  Pi'oof, 
which  have  been  accordingly  applied,  fome- 
time.s  fingly,  fometimes  two  or  more,  and 
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fometimes  altogether.  Thus  from  Phano-~ 
mena  we  inftitute  a  Ratiocination  concern¬ 
ing  the  Materiality,  the  Velocity,  different 
Magnitudes,  Colours,  and  other  Affections 
of  the  Particles  of  Light.  Then  the  Laws 
of  ReffeCtion  and  Refradtion  are  explained 
by  Mechanical  Principles  relating  to  the  Mo¬ 
tion  and  Action  of  Bodies  one  upon  another. 
Again,  The  Principles  of  Geometry  are  call’d 
in  to  explain  and  account  for  the  Effedts  of 
MirrourSj  Lenfes,  Optic  Inftruments,  the 
Rainbow,  &c-  And,  Laftly,  thofe  various 
Phsenomena  are  reprefented,  and  the  Man¬ 
ner  how  they  happen  explained  by  Expe-^ 
riments. 

Sixthly,  I  have  all  along  applied  the 
Newtonian  Geometry,  that  is,  the  Fluxionary 
Calculus,  for  the  Demcnftrations,  which  I 
think  is  with  the  greatefl:  Propriety  and 
Juftnefs  in  Phyfical  Matters,  becaufe  the 
Principles  of  this  Geometry  are  in  themfelves 
ftridtly  Philofophical,  as  I  have  Ihewn  in  its 
proper  Place  Befides,  the  Procefs  is  not 
only  rendered  by  this  means  much  more 
congruous  and  natural,  but  more  evident 
and  concil'e  than  by  the  common  Methods 
of  Demonllration  it  could  be.  Of  this  we 

*  See  Vol.  I.  of  Mathematical  Institutions,  juft 
pow  publiflied  in  the  General  Magazine  of 
Arts  and  Sciences, 
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have  a  fignal  Inftance  in  the  Calculation  of 
the  Angle,  which  the  Incident  Ray  makes 
with  the  laft  refracted  Ray  in  a  Drop  of 
Water,  as  will  appear  by  comparing  what 
is  hej'e  contained  in  Scholium  to  Annot, 
CXXIV.  with  what  you  find  on  this  Head 
in  other  Authors. 

Seventhly,  As  the  Bounds  of  this 
Science  have  been  of  late  Years  vaftly  ex¬ 
tended,  fo  I  have  been  very  careful  to 
treafure  up  every  ufeful  Invention,  and 
given  a  fliort  hiftorical  Account  of  the  fame, 
and  the  Names  of  the  Authors.  If  in  any 
of  them  I  found  an  Improvement  could  be 
made,  I  have  done  it,  as  in  the  Air-Pump, 
the  P/licrofcope-,  &c.  or  hinted  it  to  the  Rea¬ 
der,  as  in  Cafe  of  the  Air  or  Steam-Gun, 

Eighthly,  I  find  by  common  Expe¬ 
rience  nothing  tends  more  to  the  Concep¬ 
tion  and  enlivening  an  Idea,  and  fixing  it 
in  the  Memory,  than  a  good  Delineation  of 
the  Figure  or  Form  thereof.  Hence  it  is 
that  the  Reader  will  here  find  a, greater 
Number  of  Copper- Plate  Figures  than  in 
any  other  Treatife  of  this  Kind,  of  its  Size. 
And  if  I  tell  him  they  were  all  done  by  the 
ingenious  Mr.  Bowen  (Geographer  to  his 
TvIajesty)  it  may  likewife  prepoffefs  him  in 
Favour  of  their  Goodnefs ;  which  though 
an  indired  and  collateral,  is  yet  no  inconfi- 
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derable  Argument  to  recommend  a  Book 
of  this  Kind* 

Ninthly,  I  have  delivered  the  Whole 
by  way  of  Lectures,  and  Annotations 
thereto,  (a  Method  of  late  Years  the  moll 
ufed  and  approved  of )  not  only  becaufe 
the  Reader  is  by  this  Means  led  through  a 
System  of  Philosophy,  without  being 
confined  to  the  Irkfomenefs  of  a  precife  and 
regular  Path,  and  a  fimultaneous  Profpect 
or  View  of  the  Whole  at  once ;  but  alfo  be¬ 
caufe  that  vafi:  Variety  of  Things,  which  here 
prefent  themfelves,  may  have  the  Pleafure 
that  attends  V ariety  heighten’d  and  encreafed 
by  emerging  frelh'to  his  View  as  he  pafles 
along,  and  regaling  him  with  fomething 
Hill  novel  and  unexpected.  A7lnotatio7^s 
feem  to  anfwer  the  End  of  Scenes  in  a  Play ; 
they  prefent  the  Whole  mofi;  agreeably  in 
Parts,  which  thus  more  immediately  affects 
us,  and  gives  us  the  greatell  Pleafure  and 
Entertainment. 

Thus  much  for  the  Oeconomy  of  the 
Workj  and  as  it  is  manifeftly  calculated 
for  a  general  Good,  fo  I  believe  none  will 
find  fault  with  the  Defign.  As  to  the  Man¬ 
ner  of  executing  it,  I  have  done  it  as  well 
as  I  could  j  and  if  any  one  thinks  me  defi¬ 
cient  in  any  thing,  let  him  qualify  his  Cri- 
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ticlfm  by  confidering  that  I  pretend  not  to 
Infallibility,  bat  only  where  I  give  a  plain 
and  clear  Demonft ration.  In  this,  if  I  am 
not  underftood  fometimes,  I  am  not  per¬ 
haps  to  be  blamed  ;  for  I’ll  appeal  to  Envy 
itfelf,  if  the  Manner  of  the  Demonftration, 
where  moft  difficult,  be  not  as  plain  and  as 
obvious  as  the  Nature  of  the  Thing  will  ad¬ 
mit.  And  here  k  will  be  proper  to  obferve, 
that  although  I  have  made  ufe  of  Geometryy 
Algebra,  zxA  Fluxions,  to  inveftigate  the 
Truth  of  all  the  principal  Propofitions  in 
Philofophy,  yet  as  I  cannot  fuppofe  Read¬ 
ers  in  general  qualified  to  underftand  it  in 
that  Manner,  I  have  been  careful  to  exprefs 
the  Refult  of  every  Procefs  in  plain  Eng- 
lifh  ;  fo  that  every  one  may  know  what  is 
the  Truth,  though  he  cannot  be  fo  proper¬ 
ly  faid  to  underftand  it.  For  Inftances  of 
what  I  now  fpeak  of  fee  the  feveral  Ar¬ 
ticles  of  Annotat.  XXVII,  XXXIV,  and 
XLVIII. 

I  DO  not  know  that  I  have  advanced  any 
thing  here,  which  I  have  not  one  Way  or 
another  proved  to  be  true  j  however,  I  de¬ 
fire  that  nothing  but  what  is  demonftrated 
may  be  accounted  to  deferve  the  Title  of 
Newtonian  Philosophv.  Our  Great 
Author  feemed  quite  aveife  to  Hypothefes ; 
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and  though  he  indulged  them  to  others  un¬ 
der  proper  Reftridions,  yet  did  himfelf  ne¬ 
ver  make  ufe  of  this  fallacious  Way  of  Rea- 
foning,  though  he  has  been  unjuft ly  charged 
therewith  by  fome,  who,  by  National  hi- 
(iinSl,  fcorn  to  fubfcjibe  to  any  Syftem  but 
of  their  own  making.  Hence  "it  is  we 
often  hear  them  babbling  about  Newtons 
HypothefeSy  &c.  and  making  unfufferable 
Comparifons  between  him  and  Defcartes 
and  Leibnitz.  One  would  think  they  who 
knew  but  little  of  Philofophy  would  yet  fee 
no  Reafon  for  a  Parallel  between  a  Syftem 
of  Philofophy  that  is  founded  on  nothing 
bnt  IDemonffattony  and  is  every  Way  com— 
portant  with  Ph(zno7nenay  and  one  that  is 
^  wholly  hypothetical,  and,  inftead  of  account¬ 
ing  for,  runs  counter  to  every  thing  that 
appears !  I  think  it  is  little  Glory,  (not  to 
fay  V am-Glory)  for  a  Man  to  boaft  that  his 
Philofophy  is  not  that  of  Newton  *,  till  he 
has  firft  fatisfied  the  World  his  Abilities  and 
Difcernment  into  the  Nature  of  Things  are 
greater  than  thofe  of  Sir  Ifaac.  This"" I  am 
well  aftured  of,  that  the  greater  Share  of 
Mathematical  Knowledge  any  Man  has,  the 
more  readily  he  embraces  Sir  Ijaads  Pi  in- 

SeethePrefaceof  AbbatNoLLEx’s  dePhyfjque. 
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ciples ;  and  I  fcarce  ever  found  any  that 
oppugn’d  Sir  Ifaac,  but  who  were  either 
grofsly  ignorant  of  what  they  defpifed,  or 
were  adtuated  by  fome  particular  Views. 
In  fiiort,  nothing  but  Pride y  Prejudice y  and 
Ignorancey  will  ever  ftir  up  Enemies  to  the 
Newtonian  Philofophy. 

They  who  depreciate  this  Philofophy 
by  the  Term  Hypothecs y  feem  to  me  not 
to  have  read  (at  leaft  not  confidered)  what 
Sir  Ifaac  has  wrote,  when  he  tells  us. 
That  in  Experimental  Philofophy,  Hy- 
“  pothefes  are  not  to  be  regarded. — What 
I  call  Attraction  may  be  performed 
“by  Impulse,  or  by  fome  other 
“  Means  unknown  to  me.  I  ufe  that 
“  Word  to  fignify  only  in  general  any 
“  Force  by  which  Bodies  tend  towards  one 
“  another y  whatfoever  be  the  Caufe 
After  our  illuftrious  Author  had  thus  ex- 
prefsly  difclaimed  all  Hypothefes,  and  fo 
fully  explained  his  Sentiments  about  the 
Power  which  he  calls  AttraBiony  is  it  not 
very  wonderful  to  hear  a  Set  of  People 
charging  him  with  founding  his  Philojopby  on 
the  Hypothefis  of  GraAty?  Will  thefe  very 
fagacious  Gentlemen  allow  Power  at  all 

*  Optics,  3 1.  See  alfo  the  Definitions  of  his 
Principia. 
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is  concerned  in  the  T^endency  of  one  Body  W 
another  ?  If  they  do,  is  it  not  becaufe  it  is 
impoffible  to  Confider  Bodies  ading  at  a 
Diftance  upon  each  other  without  ?  If  fo,  is 
not  the  Exiftence  of  fuch  a  Power  a  Reali¬ 
ty  in  Nature  ?  And  can  fuch  a  Force  then 
be  called  an  Hypothc/is  ?  Surely  not.  Again, 
their  accufing  Sir  IJhac  for  accounting  for 
Things  by  Attradlion,  is  meer  cavilling  about 
Words,  and  begging  him  guilty ;  he  de¬ 
clares  he  knows  not  the  Manner  in  which 
that  Force  afts,  whether  by  Attradiion  or 
Impulfiofj,  orotherwifej  but  as  fome  Name 
mulf  be  given  it,  why  may  not  he  call  it 
by  that  of  Attradiion  or  Gravity^  as  well- as 
by  any  other  ?  Not  that  this  great  Man  did 
even  this  without  a  Reafon ;  for  ’tis  evident 
from  a  thoufand  Experiments  and  Pheno¬ 
mena,  that  this  is  much  moi’e  like  the  Ef¬ 
fect  of  one  Body’s  di'awing  than  impelling 
another  towards  it. 

But  fo  far  is  Sir  Ifaac  from  fuppofmg  that 
Bodies  tend  to  each  other  by  Attraction,- 
that  he  once  condefeended  to  form  an  Hy- 
pothefis  to  fliew  that  it  might  be  done  by 
Impulsion,  and  that  of  a  very  fubtle  E- 
lahic  Spirit  or  ^Ethe]-.  But  as  he  was  not 
able  to  prove  the  Exiftence  of  any  fuch 
Thing,  he  feemed  not  at  all  delighted  with 

th® 


PREFACE. 

the  Thought,  nor  ever  laid  any  Strefs  up¬ 
on  it  >  and  accordingly  we  have  not  ad¬ 
mitted  it  as  a  Principle  of  the  Newtonian 
Philofophy.  Befides,  fuppofe  this  could  be 
proved,  we  fhould  ftill  be  at  a  Lofs  to  ac¬ 
count  for  the  material  Caufe  of  this  very 
great  Elaftic  Power  between  the  Particles 
of  this  ^ther ;  we  fhould  indeed  advance 
three  or  four  Steps  higher  on  the  infinite 
Ladder,  but  fhould  be  equally  non-plus  d  with 
the  mechanical  Caufe  of  Elajiicity  then,  as 
we  are  at  prefent  with  that  of  Gravity.  But 
after  all,  ’tis  evident  by  Experiments  that 
this  Power  which  adluates  Bodies,  whatever 
it  be,  is  not  either  AttraSlive  or  Repulftve 
folely  j  but  it  produces  both  the  different 
Effedls  in  different  Circumjlances  of  T)ifa7ices^ 
Thus  the  Loadftone  at  one  Dilfance  moves 
the  Needle  towards  itfelf  at  another  Dif- 
tance  it  caufes  it  to  recede  or  move  the  con¬ 
trary  Way.  This  Power  in  Iron  is  attrac¬ 
tive,  if  touched  upon  the  Stone  in  one  Di¬ 
rection;  but  if  in  a  contrary  it  becomes 
repulfive.  The  fame  ambiguous  Properties 
of  this  Power  obtain  in  EleBricity^  and  un¬ 
doubtedly  in  all  other  Sorts  of  Attradions. 
Therefore,  before  we  fet  ourfelves  about 
finding  out  a  Power y  Spirit y  or  Mthery  that 
fhall  move  Bodies  either  by  AttraBion  or 
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RepulJio72^  it  is  in  the  firfi:  Place  necelTary 
to  find  out  an  Agent  -that  fliall  do  both, 
for  fuch  a  Principle  is  at  prefent  the  Defi- 
deratunrto  our  further  Advances  in  the  Re- 
fearch  of  natural  Caufes. 

It  is  fometimes  furprizing,  to  obferve, 
how  very  fond  People  feem  of  this  fubtle 
Mther ;  one  accounts  for  the  Caufe  of  Gra¬ 
vity  thereby,  another  for  Mufcular  Motion, 
a  third  for  Elebiricity,  a  fourth  from  hence 
derives  Animal  Spirits,  a  fifth  Elementary 
Fire:  And,  in  fhort,  we  want  nothing 
but  the  Proof  of  fuch  an  Mther  to  account 
for  almoft  every  Thing  by  it.  But  is  it  not 
a  prepofleroLis  Proceeding  to  account  for 
any  Thing  by  a  Principle  in  itfelf  unac¬ 
countable,  and  utterly  unknown  ? 

However,  we  are  arrived  at  great  Dexte¬ 
rity  fince  Sir  Ifaac\  Timej  for  we  can  now 
almoft  prove  the  Exiftence  of  this  Mther  by 
the  Phsenomena  of  Ele6fricity ;  and  then 
we  find  it  very  eafy  to  prove  that  Eledfri- 
city  is  nothing  but  this  very  iEther  conden- 
fed  and  made  to  fliine.  But,  I  believe,  when 
we  enquire  into  the  Nature  and  Properties 
of  this  iEther  and  Ele6tricity,  we  fliall  find 
them  fo  very  different  and  diflimilar,  that 
we  cannot  eafily  conceive  how  they  fliould 
thus  mutually  prove  ’each  other.  For  ac¬ 
cording 
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Cording  to  Sir  Ifaac^  this  iEther  is  the  moil 
fubtle  of  all  Bodies,  and  confifts  of  Particles 
(of  courfe)  very  much  fmaller  than  thofe 
of  Light,  and  which  have  a  much  greater 
Velocity;  this  ^Lther  therefore  pervades 
with  the  greateft  Freedom  all  Bodies,  adlu- 
ates  their  Parts,  But  on  the  other  hand, 
we  find  by  Experiments  that  the  Fire  of 
Electricity  is  a  very  grofs  Subftancej  for  it 
dafhes  againfi:  the  Surface  of  Glafs  like  fo 
much  Water,  and  does  not  enter  the  Pores, 
as  Light  does,  that  is  fo  much  grofier  than 
^ther.  This  is  ftill  made  more  plain  and 
,demonll:rable  by  electrifying  a  Wire  in  an 
exhaufted  Receiver,  where  the  -Electricity 
ifliies  out  in  much  greater  abundance,  and 
in  divers  Jets,  ftriking  againft  the  Sides  of 
the  Glafs,  and  appearing  to  run  down  by 
the  Sides  in  all  refpects  like  Liquid  Phof- 
phQrus'‘j  and  is  no  ways  reflected  or  refracted 
like  common  Light,  or  even  like  the  Light 
of  a  Candle :  For  if  a  Candle  be  viewed 
through  a  Prifm,  the  Light  coming  from 
every  Part  thereof  is  refracted,  and  the 
whole  Flame  is  coloured  and  diftorted ; 
but  it  is  quite  othervv^ife  with  the  Flame  oj^ 
EleBrical Fire^  for  I  often  made  that  much 
larger  than  the  Flame  of  a  Candle,  and 
viewed' it  tlirough  the  Prifm,  but  no  Co- 
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lours  were  thereby  produced,  no  different 
Form  of  Flame,  but  every  way  the  fame 
as  it  appears  to  the  naked  Eye.  Indeed  the 
denfer  Part,  juft  upon  the  Tip  of  the  Iron 
whence  the  Blaze  diverged,  appeared  a  lit¬ 
tle  tinged  with  Colours  j  which  I  take  to 
proceed  from  fome  common  Solar  Light 
intermixed  with  that  of  Electricity.  From 
hence  (and  for  many  other  Reafons  I  could 
name)  I  fee  no  caufe  to  believe  that  the 
Matter  of  Electricity  is  any  thing  like  the 
Idea  we  ought  to  have  of  the  Spiritus Jubtilif- 
fwiiis  of  Sir  Ifaac.  Nor  indeed  can  it  be  the 
fame  with  the  Matter  of  common  Light, 
which  is  differently  reflexible  and  refrangi¬ 
ble  j  whereas  this  appears  not  to  be  fo,  but 
is  a  particular  Sort  of  Light,  and  nearly  the 
fame  as  Phofphorus,  which  I  could  never 
obferve  to  exhibit  the  lead:  Appearance  of 
Colours  through  the  Prifm.  The  Smell  al- 
fo  of  EleBrical  Fire  is  fo  very  much  like 
that  of  Phofphorus,  that  one  may  be  cafily 
induced  to  believe  a  great  Part  of  the  Com- 
pofition  of  both  is  the  fame. 

As  to  the  Doctrine  of  Elements  and 
Elemeiitary  Fire,  we  leave  that  to  others, 
and  expatiate  only  on  the  nob.le  Lheory  of 
Light  and  Fire  left  us  by  our  incomparable 
Author,  who  juftly  confiders  them  as  they 
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are  in  Nature,  illuftrates  all  their  Properties 
and  Qj^lities,  and  applies  them  to  the  Ex¬ 
plication  of  a  great  Number  of  the  molt 
interefting  and  important  Phenomena  of 
Nature.  The  Newtonian  Doctrine  of  Rle~ 
menu  is  of  the  Singular  Number:  One  Sort 
of  Matter  only  makes  the  Subftance  of  all 
the  infinite  Variety  of  Bodies  we  behold. 
Thus  our  Author  fpeaks :  “  It  feems  pro- 
‘‘  bable  to  me.  That  God  in  the  Beginning 
“  formed  Matter  in  folid,  mafly,  hard,  im- 
‘‘ penetrable,  moveable  Particles,  of  fuch 
“  Sizes  and  Figures  and  with  fuch  other 
“  Properties,  and  in  fuch  Proportion  to 
‘‘  Space,  as  mod:  conduced  to  the  End  for 
“  which  he  formed  them. — Now  by  Vir- 
“  tue  of  certain  a61:ive  Principles  or  Powers, 
all  material  Things  feem  to  have  been 
“  compofed  of  the  above-mentioned  Par- 
“  tides,  varioufly  aflbciated  in  the  firft 
Creation,  by  the  Counfel  of  an  intelli- 
gent  Agent.” 

To  conclude :  It  was  an  Obfervation  wor¬ 
thy  of  fo  great  a  Genius  as  Mr.  Cotes,  that 
the  Newtonian  Philofophy  was  our  (mutinijfi- 
mumprrefidiumadverfus  Atheorumimpetus )  bell: 
Defence  againft  the  Efforts  and  Affaults  of 
Atheifts. — That  herein  we  more  nearly 
view  theMajefty  of  Nature,  and  enjoy  it 
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in  the  moft  grateful  Contemplation ;  at  th6 
fame  time  we  are  excited  more  intenfely  to 
worfliip  and  revere  the  Creator  and 
Lord  of  all  Things.  He  ought  to  be  re¬ 
puted  blind^  who  cannot  immediately  be¬ 
hold,  in  the  beft  and  wifeft  Strudlures  of 
Things,  the  infinite  Goodnefs  and  Wifdom 
of  the  Omnipotent  Architecl  j  and  tnad^ 
who  will  not  confefs  it. 
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LECTURE  I. 

(^Experimental  Philosophy  in  general. 
Of  Newtonian  Method  a?id  Rules 
of  Fhilofophizing.  Of  Matter  m  gene¬ 
ral^  and  its  effential  Properties^  Of  the 
Chemical  Elements  or  Principles  of 
Natural  Bodies.  Of  Attraction  and  . 
Repulsion.  Phe  Attraftion  of  Cohe¬ 
sion.  Oj  the  Cohesion  of  various  Sorts 
of  Bodies.  Phe  Phcenomena  o/'Capillar'^ 
Tubes.  Of  a  Vacuum.  Phe  Rationale 
of  various  ProceJJ'es  of  Chemistry,  and 
other  Arts.  Of  the  principal  Properties  of 
Electrical  Attradion  and  Repulfion-i 
(^Magnetism  audits  Laws  j  of  the  va~ 
rious  Properties  of  the  Magnet  in  relation 
to  the  Needle ;  its  Variation  and  Incli¬ 
nation. 

TH  E  Bufinefs  of  Experimental 
Philofophy  (the  Subjeft  of  this 
Courfe  of  Ledlures)  is  to  en¬ 
quire  into  and  inveftigate  the 
Reafon  and  Caufes  of  the  various  Appear¬ 
ances  (or  Phceno7nena)  of  Nature  j  and  to 
make  the  Truth  or  Probability  thereof  ob.-* 

B  vious 


Of  the  Properties  of  Bodies. 

vious  and  evident  to  the  Senfes,  by  plain, 
undeniable,  and  adequate  Experiments,  repre- 
fenting  the  feveral  Parts  of  tlie  grand  Ma¬ 
chinery  and  Agency  of  Nature. 

In  our  Enquiries  into  Nature  we  are  to 
be  conduced  by  thofe  Rules  and  IVIaxims 
which  are  found  to  be  genuine,  and  confo- 
nant  to  a  juft  Method  of  Phyfical  Reafon- 
ing ;  and  thefe  Rules  of  Philofophizing  are, 
by  the  greateft  Mafter  in  tliis  Science,  (the 
incomparable  Sir  Ifaac  Newton)  reckon  d 
Four  j  which  I  ftiall  give,  from  his  Princi- 
pia,  as  follows ; 

RULE  I.  More  Caufes  of  natural  ‘Phings 
are  not  to  be  admitted,  than  are  both  true  and 
fufficient  to  explain  the  Phcenomena,  ^  For  Na¬ 
ture  does  nothing  in  vain,  but  is  fimple, 
and  delights  not  in  fuperfluous  Caufes  of 
Things. 

RUL-E  II.  And  therefore  of  natural  Ef- 
feBs  of  the  fame  Kind  the  fame  Caufes  are  to  be 
ajigned  as  far  as  it  can  be  done.  As  of  Re- 
Ipiration  in  Man  and  Beafts  :  Of  the  De- 
fcent  of  Stones  in  Europe  and  America  :  Of 
Light  in  a  culinary  Fire  and  in  the  Sun  : 
And  of  theRefleaion  of  Light  in  the  Earth 
and  in  the  Planets. 

RULE  III.  P’be  ^lalities  of  natural  Bo^ 

dies  which  cannot  be  increafed  or  dimtnifh  d, 

and 
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and  agree  to  all  Bodies  in  which  Experiments 
can  be  made^  are  to  be  reckoned  as  the  Realities 
of  all  Bodies  whatfoever.  Thus,  becaufe  Ex- 
tenfion,  Divifibility,  Hardnefs,  Impenetra¬ 
bility,  Mobility,  the  Vis  Inertia,  and  Gra¬ 
vity,  are  found  in  all  Bodies  which  fall  un¬ 
der  our  Cognizance  or  Infpeftion,  we  may 
juftly  conclude  they  belong  to  all  Bodies 
whatfoever  and  are  therefore  to  be  efteem- 
€d  the  Original  and  univerfal  Properties  of 
all  natural  Bodies. 

RULE  IV.  In  Experimental  Philofophy, 
Bropofittons  colleSled  from  the  Bhcenomena  by 
Indubiion  are  to  be  deem  d  ( notwithfanding 
contrary  Hypothefes)  either  exaSlly  or  very 
nearly  true,  till  other  Phanomena  occur  by 
which  they  may  be  render'd  either  more  accu^ 
rate,  or  liable  to  Exception.  This  ought  to 
be  done,  left  Arguments  oflndudlion  fliould 
be  deftroy’d  by  Hypothefes. 

If  according  to  thefe  Rules  we  take  a 
Survey  of  the  vifible  World,  and  ftri<ftly 
examine  the  Nature  of  particular  Bodiei 
we  fliall  find  Reafon  to  conclude,  that  they 
all  confift  of  one  and  the  fame  Sort  of  Matter 
or  Subfiance  ;  and  that  all  the  Diverfity  or 
Difference  we  obferve  among  them  arifes 
only  from  the  various  Modifications  and 

B  2  dif- 


Of  the  Properties  (^Bodies. 

different  Connexion  or  Adhefion  of  the 
fame  primigenial  Particles  of  Matter  (I). 

fl)  Thefe  four  Rules  of  Philofophixing  are  premifed 

by  Sir  llaac  Newion  to  his  thitd  Book  ot  the  Prmapia  ; 
and  more  particularly  explained  by  him  in  h.is  Opius, 
where  he  exhibits  the  Method  of  proceeding  in  Fhilolo- 

phy  in  the  following  Words  •  ,  „ 

^  I.  As  in  Mathematics,  fo  in  Natural  Philofophy, 
the  Tnveftigation  of  difficult  1  hings  by  V/ay 
ought  always  to  precede  the  Method  of  Compofttun  This 
Analyfisconfiftsin  making  Experiments  and  ObfervaU- 
ons,  and  in  drawing  general  Conclufions  from  tl^m  by 
Induaion  [i.  e.  Reafoning  from  the  Analogy  of  Ehings 
by  natural  Confequence)  and  admitting  no  Objeaions 
aeainft  the  Conclufions  but  what  are  taken  from  Experi¬ 
ments,  or  other  certain  Truths.  And  altho  the  arping 
from  Experiments  and  Obfervation  by  Induaion  be  no 
Demonftration  of  general  Conclufions  ;  yet  it  is  the  belt 
Way  of  arguing  which  the  Nature  of  Things  admits  of, 
and  may  be  looked  upon  as  fo  much  the  ftronger  by  how 
much  the  Induclion  is  more  general.  And  if  no  Excep¬ 
tion  occur  from  Phaenomena,  the  Conclufion  may  be  pro¬ 
nounced  generally.  But  if  at  any  Time  afterward  s,  any 
Exceptions  (hall  occur  from  Experiment,  it  may  the 
be  pronounced  with  fuch  Exceptions.  X  |  ° 

Jnalyfu  we  may  proceed  from  Compounds  to  Iiigredients, 
and  from  Motions  to  the  Caufes  producing  them  ;  and 
in  general  from  Effeas  to  their  Caufes ;  and  from  par¬ 
ticular  Caufes  to  more  general  ones,  ^  Argument 
ends  in  the  moft  general.  This  is  the  Method  of  Ana- 
Ivfis.  And  that  of  Synihefn  (or  Compofition)  confil  s 
in  afluming Caufes  difcover’d  and  cftablifh’d  asPnnciples, 
and  by  them  explaining  the  Phcsnomena  proceeding  from 

them,  and  proving  the  Explanations.  _ 

2.  That  Matter  or  Subftance  is  one  ana  the  jam  m  all 
Bodies,  and  that  all  the  Variety  we  obferve  arifes  frorn 
the  various  Forms  and  Shapes  which  it  puts  on,  is  i 
think  very  probable,  and  may  be  concluded  front  a  ge¬ 
neral  Obfervation  of  the  Procedure  of  Nature  m  the  Ge¬ 
neration  and  Deftrudtion  of  Bodies.  Thus,  forlnftance. 

Matter 
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Matter,  thus  varioufly  modified  and 
configurated,  conftitutes  an  infinite  Variety 

Water  rarified  by  Heat,  becomes  Vapour  ;  great  Collec-- 
tions  of  Vapours  iorm  Clouds  •,  thefe  condenfed  defcend 
in  Form  of  Rain^  or  Hail ;  Part  of  this  colledted  on  the 
Earth  conftitutes  Rivers  ;  another  Part  mixing  with  the 
Earth  enters  into  the  Roots  of  Plants,  and  fupplies  Mat¬ 
ter  to,  and  expends  itfelf  into  various  Species  of  Vege¬ 
tables.  In  each  Vegetable  it  appears  in  one  Shape  in  the 
R,ot,  another  in  the  Stalk.,  another  in  the  Flowers,  an¬ 
other  in  the  Seeds,  &c.  From  hence  various  Bodies  pro¬ 
ceed  j  from  the  Oak,  Houfes,  Ships,  kc.  from  Hemp 
and  Flax,  we  have  Thread-,  from  thence  our  various 
Kinds  of  Linen  j  from  thence  Garments  ;  thefe  degene¬ 
rate  into  Rags,  which  receives,  from  the  Mill,  the  va¬ 
rious  Forms  of  Paper  ;  hence  our  Books  j  which  by  Fire 
are  converted  partly  into  Water,  partly  into  Oil,  another 
Part  into  Air,  a  fourth  Part  into  Salt,  and  a  fifth  into 
Earth ;  which  are  call’d  the  Elements  of  Bodies,  and 
which  mix’d  with  common  Earth,  are  again  refufcitated 
in  various  Forms  of  Bodies. 

3.  The  Elements,  or  Principles  to  which  all  Bo¬ 
dies  are  ultimately  reduced,  are  the  five  above  mention¬ 
ed,  viz.  (i.)  Water,  or  Phlegm  (as ’tis  call’d)  which 
generally  rifes  and  goes  ofF lirft,  as  in  the  Chemical  Ana- 
lylis  of  a  Plant  in  a  Retort  by  Fire.  (2.)  Air,  which 
efcapes  unfeen  in  great  Quantities  from  all  Bodies ;  and 
tho’  it  has  not  till  lately  been  known  to  make  a  Part  of 
natural  Bodies  in  a  fix’d  State  (and  therefore  never  taken 
Notice  of  as  ao  Element  of  natural  Bodies)  yet  that  it  is 
fo  in  a  very  remarkable  Degree,  (even  fo  far  as  to  make 
half  the  Subftance  of  fome  Bodies)  I  fliall  give  fufficient 
Proof  when  I  come  to  treat  of  artificial  or  faftitlous  Air. 
(t.)  Oil,  which  appears  fwimming  on  the  Top  of  the 
Water.  (4.)  Salt,  which  is  either  or  rifes  in 

the  Still,  as  that  of  Animal  Subftances;  or  Fix’d,  as  in 
Vegetables,  and  which  is  extradfed  by  diflblving  them  in 
Water  from  a  Lixivium  of  the  Afhes,  and  afterwards  by 
evaporating  the  Moifture  to  a  Pellicle,  and  fetting  the 
Salt  to  fhoot  into  ChrjJlals.  (5.)  Earth,  orwhatis 
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of  Bodies,  all  which  are  found  to  have  the 
following  dommon  PropertieSy  viz, 

EXTENSION,  or  that  by  which  it  pof- 
feffes  or  takes  up  fome  Part  of  univerfal 
Space  j  which  Space  is  call’d  the  Place  of 
that  Body.  For  all  Bodies  are  extended  ei¬ 
ther  (i.)  into  Length  only,  and  then  it  is 
called  a  Line  j  or  (2.)  into  Length  and 
Breadth,  which  is  call’d  a  Superficies  j  or 
(3.)  into  Length,  Breadth,  and  Depth, 
which  then  is  call’d  a  Solid.  Thefe  are  the 
three  Dimenfiom,  according  to  the  Quantity 
of  which  the  Magnitude  or  Bulks  of  Bodies 
are  eflimated  (II). 

call’d  the  Caput  Mortuum,  being  what  remains  of  the 
Afhes  after  the  Salt  is  extraffed,  which  can  be  no  farther 
alter’d  by  any  Art  whatfoever. 

(II)  The  Magnitude  of  Bodies  is  the  Quantity  of 
their  Dimenfions  exprefs’d  in  fome  common  or  fiendard 
Meafure,  zszn  Inch,  z  Foot,  zTard,  &c.  and  it  is  thus 
ellimated ; 

1.  When  Bodies  have  but  one  Dimenfion,  as  Lines, 
then  it  is  exprefs’d  by  the  Number  of  Inches  and  Parts 

Plate  I.  of  an  Inch  contained  in  their  Length  :  Thus  the  Dimen- 
fion  of  the  Line  A  B  is  3  Inches ;  of  CB  2  Inches  ;  and 
the  Comparifon  of  the  Length  of  AB  t  >  CB  is  call’d  the 
Proportion  or  Ratio-,  thus  the  Ratio  of  AB  to  CB  is 
that  of  3  to  2,  or  (as  it  is  ufuaily  exprefs’d)  AB  :  CB 
::  3  :  2.  And  becaufe  this  Comparifon  conliiis  of  only 
One  Ratio,  it  is  faid  to  be  a  fmple  Ratio. 

2.  Thofe  Bodies  which  have  two  Dimenfions,  as  Su¬ 
perficies,  have  their  Magnitude  exprefs’d  by  theRedlan- 
gle  under  both,  or  the  Produdt  of  their  Length  by  their 

Plate!.  Breadth;  thus  if  any  Surface  ABCD  has  its  Length 
Pig.  a.  AB=a:4,  and  its  Breadth  BC=2 ;  then  its  Dimenfion 

SOLIDITY, 
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'  SOLIDITY,  fometimes  called  the  Im¬ 
penetrability  of  Matter,  is  that  Proper- 

( which  in  this  Cafe  is  called  the  Area,  or  Superficial  Con¬ 
tent)  is  thus  exprelTed,  ABxBC=:4x2=8  ;  that  is, 
there  are  eight  fmall  Squares,  which  are  fquare  Inches, 
fquare  Feet,  iAc.  according  to  the  Meafure  of  the 
Sides. 

3.  If  this  Surface  be  compared  with  any  other,  as  EG; 
whofe  Length  is  EF=3,  and  Breadth  FG=:2  ;  then 

their  Magnitudes  will  be  to  each  other  as  ABxBC  to  EF  3* 
xFG,  that  is,  as  8  to  6,  or  as  4  to  3.  And  becaufe  in 
this  Comparifon  each  Term  confifts  of  two  Parts,  or 
there  is  a  twofold  Ratio  of  Length  to  Length,  and  Breadth 
to  Breadth,  therefore  this  is  faid  to  be  a  Duplicate  Ratio ; 
and  fo  all  Surfaces  are  to  each  other  in  the  Duplicate  Ra¬ 
tio  of  their  Sides, 

4.  In  like  Manner  all  Solid  Bodies,  which  have  three 
Dimenfions,  have  their  Magnitudes  exprefs’d  by  the  Pro-  plate  I. 
dudlof  their  Length,  Breadth,  undi  together.  Thus  Fig.  4,  5* 
if  there  be  one  Solid  AG,  whofe  Length  AB— 4,  its 
Breadth  AE:r=2,  and  Depth  AD=:3  ;  and  another  Solid 

HO,  whofe  Length  HI:=3,  Breadth  HM=:i,  and  Depth 
HL=2  j  then  will  their  Magnitudes  be  to  each  other  as 
ABxBExAD  to  HixHMxHL,  that  is  4x2x3r=24  to  3 
X  1x2=6,  or  as  24  to  6.  And  therefore  Solids  are  faid 
to  be  in  a  triplicate  Ratio,  viz.  of  their  Length,  Breadth, 
and  Depth,  or  Thicknefs  ;  and  the  Standard  Meafure  in 
this  Cafe  is  call’d  a  Cubic  Inch,  Foot,  &c.  becaufe  of  its 
being  in  the  Form  of  a  Dye,  or  Cube,  which  Figure  is 
contain’d  under  6  equal  and  reflangular  Planes. 

5.  And  here  it  will  be  neceffary  to  advertife  the  Rea¬ 
der,  that  any  Quantity  is  generally  denoted  by  a  fingle 
Letter,  as  A,  B,  fs’r.  and  the  Square  of  that  Quantity 
by  AxA  or  AA,  or  A%  B^,  i^c.  and  the  Cube  by  A^ 
or  Be  And  when  we  exprefs  the  Ratio  of  two  Quanti¬ 
ties  A  and  B,  it  is  ufually  thus,  A  :  B  ;  and  when  we 
compare  this  Ratio  v;ith  any  other,  as  of  C  to  D,  we 
exprefs  it  thus  A  :  B  C  :  D.  If  both  Terms  of  the 
Ratio  increafe  or  decreafe  together,  the  Ratio  is  faid  to 
be  diredl,  and  exprefs’d  as  before ;  But  if  one  Quantity 
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ty  by  which  a  Body  excludes  all  others 
from  the  Place  which  itfelf  poffefleth  j  for 
it  would  be  abfurd  to  fuppofe  two  Bodies 
could  polfefs  one  and  the  fame  Place  at  the 
fame  Time.  From  this  Definition  it  fol¬ 
lows,  that  the foftefl  Bodies  are  equally  folid 
with  the  hardeji  (III). 


increafes  while  the  other  decreafes,  and  vice  verfa.,  in 
each  Ratio;  then  they  are  exprelTed  in  a  different  Man¬ 
ner,  viz.  A  :  0  C  :  0,  or  A  ;  C  ::  b  •  B.  And  the 
Addition  of  one  Ratio  A  :  B  to  another  C  :  D  is  per¬ 
formed  by  multiplying  the  firft  Terms  in  each  Ratio 
together,  and  alfo  ihe  laft  ;  and  the  Ratio  of  thofe  Pror 
du£fs  AC  ;  BD  is  the  Sum  of  both  the  other,  Tofquare 
any  Ratio  is  to  multiply  it  by  itfelf  A  ;  B  x  A  ;  B= 
and  fo  the  Cube  of  any  Ratio,  A  :  B  is  A*  :  B’. 
If  any  would  know  more  of  the  Nature  of  Ratios,  they 
ynay  confult  Dr.  Sanderfona  Algebra,  or  my  Logariihmo.- 
logia. 

(Ill)  Fi CURABILITY  is  as  neceffary  to  Matter  as  any 
©f  the  Properties  abovemention’d  ;  for  fince  Matter  is 
not  infinite,  it  muft  be  circumfcribed  within  certain  Li¬ 
mits  and  Bounds  on  every  Part,  which  conftitute  the  Fi¬ 
gure  of  the  Body  ;  and  as  the  Particles  of  Matter  may 
exift  together  in  any  Manner  of  Situation,  fo  the  Fi¬ 
gures  or  Form  of  Bodies,  which  they  compofe,  may  be 
infinitely  various  and  different  from  each  other. 

i.  On  this  Property  feveral  Things  of  Moment  de¬ 
pend  ;  thus  according  to  the  feveral  Figures  of  the  Cor- 
pufcles,  they  will  touch  by  a  greater  or  leffer  Quantity 
of  Surface,  and  fo  will  cohere  more  or  lefs  firmly  toge¬ 
ther  ;  from  hence  will  arife  various  Qualities  of  Bodies, 
which  are  the  Foundation  of  mofl  of  the  confiderable 
Phsenomena  of  Nature,  as  will  be  hereafter  taken  Notice 
of. 

Hence  we  may  obferve  likewife,  that  Bodies  of 
diffefent  Figures  contain,  under  the  fkme  Qiiantity  of 

PIVISI., 
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DIVISIBILITY  is  that  Property  by  which 
the  Particles  of  Matter  in  all  Bodies  are  ca¬ 
pable  of  a  Separation  or  Difunion  from  each 
other.  Plence  the  Rcjolutioit  or  IDiJJolution 
of  Bodies  into  their  conftituent  Corpufcles, 
as  in  many  Operations  of  Chemiftry.  How 
far  this  may  adually  obtain  in  Nature  is 
not  eafy  to  fay  ;  But  that  Matter  is  infinite- 

Surface,  different  Magnitudes  or  Bulks  j  thus  a  Circle 
contains  a  greater  Area  under  the  fame  Length  of  Peri* 
phery,  than  any  other  figured  Superficies ;  and  a  Spherey 
^  under  the  fame  Quantity  of  Surfaces,  contains  a  greater 
Bulk  or  Space,  than  any  other  Solid  whatfoever. 

4.  Of  all  the  infinite  Variety  of  Forms  or  Figures, 
which  Matter  is  liable  to,  there  are  on\y  five  which  will 
admit  the  Particles  of  Matter,  placed  together,  to  fill  the 
Space  between  them  compleatly,  or  fo  as  to  leave  no 
Pore,  Vacuity,  or  Interftice  between  them  :  and  Bodies 
of  thefe  Forms  have  been  known  by  the  general  Name 
pf  the  five  Platonic  Bodies,  and  are  as  follows ; 

1.  tetrahedron,  which  has  four  equal  triangular  Sides. 

2.  Hexahedron,  of  Jix  equal  fquare  Sides,  viz,  a  Cube. 

3.  Odiahedrtn,  of  eight  equal  pentagonal  Sides. 

a,.  Dodecahedron,  of  triangular  Sides. 

Icofahedron,  oi twenty  equal  triangular  Sides. 

5.  Hence  the  Afferters  of  a  Plenum  are  neceflitated  to 
prove,  that  tho’  Matter  is  liable  to  an  Infinity  of  Forms 
indifferently,  yet  all  its  Particles  muft  have  but  fomeonc 
of  the  five  abovementioned  ;  otherwife  it  would  be  as 
evident  as  an  Axiom,  that  the  Particles  of  Matter  have  a 
different  Form,  and  muff  therefore  admit  Vacuities  or 
Pores  in  the  Compofition  of  every  kind  ©f  Bodies.  Tho’ 
this  Argument  for  a  Vacuum  has  not  been  obferved,  yet 
perhaps  there  is  none  more  evident,  geometrical  and  con- 
clufive. 
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ly  divifible  in  a  mathematical  Confideration, 
is  demonftrable  various  Ways  (IV). 

MOBILITY  is  that  Property  which  all 
Bodies  have,  of  being  moveable  or  capable 
of  changing  their  Situations  or  Places.  This 


Plate  I. 
Fig.  6. 


Plate  I. 
Fig.  7. 


(IV)  I.  The  eafieft  Way  to  demonftrate  the  infinite 
Divifibility  of  Matter,  I  think,  is  the  following.  Let  AB 
he  the  Length  of  a  Particle  to  be  divided  j  through  each 
Extreme,  A  and  B,  let  there  be  drawn  the  Lines  CD, 
EF  parallel  to  each  other  :  In  the  Line  CD,  between  A 
and  C,  let  there  betaken  any  Point  G;  and  in  the  Line 
EF,  fromB  towards  F,  let  there  be  taken  any  finite  Num¬ 
ber  ofPoints,  H,  I,  K,  L,  is'c.  If  now  from  the  Point 
G  we  draw  the  Lines  GH,  GI,  GK,  GL,  they 
will  each  of  them  cut  ofF  a  Part  of  the  given  Particle 
AB  ;  and  yet  after  all  a  Part  PA  will  remain ;  and  fince 
this  v.'ill  be  the  Cafe  for  any  finite  Number,  Vis  plain  the 
Particle  AB  contains  a  Number  of  Parts  greater  than 
any  finite  Number^  and  therefore 

2.  Another  Demonftration  equally  obvious  is  the  fol¬ 
lowing,  viz.  Let  AB  be  the  Length  of  the  given  Par¬ 
ticle  ;  thro’  A  draw  CD,  and  in  the  Point  E,  at  right 
Angles,  draw  the  indefinite  right  Line  EF,  in  which  let 
there  be  any  finite  Number  of  Points  taken,  as  G,  H, 
I,  K,  Cifr.  on  thefe,  as  Centers,  defcribe  the  feveral 
Arches  of  Circles  EL,  EM,  EN,  EO,  i5fc.  to  cut  the 
Particle  AB,  each  of  thefe  will  take  ofF  a  Part,  and  yet 
there  will  a  Part  AP  remain  ;  therefore,  is’c.  as  before. 

3.  Tho’  we  have  no  Poffibility  of  an  Inftance  of  this 
infinite  Divifibility  of  Matter,  yet  Nature  proceeds  to¬ 
wards  it  to  inconceivable  Lengths  in  many  of  her  won¬ 
derful  (tho’  common)  Operations.  How  minutely  is 
Matter  divided  by  Fire,  as  a  Piece  of  Tallow,  for  In- 
ftance,  in  a  lighted  Candle!  What  a  prodigious  Sphere 
or  Space  does  the  leaft  Flame  fill  with  Particles  of  Light, 
or  a  Grain  of  AJfa  foctida  with  odorous  Particles  !  How 
numerous  and  fmall  the  Particles  or  Vapours  arifing 
from  the  Surface  of  Fluids  !  Or  the  Particles  of  Copper, 
which  from  a  fingle  Grain  (hall  be  difFufed  thro’  theSub- 

Property 
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Property  of  Matter  is  evident  to  all  our 
Senfes  j  and  what  nobody  has  confelTedly 
deny’d  (V). 

The  vis  INERTIiB,  (as  Sir  Ifaac  call’d  it) 
or  the  InaBivity  of  Matter,  is  that  Property 
of  it,  by  which  it  endeavours  to  continue 
in  its  State  either  of  Motion  or  Rejt^  or  by 
which  it  refills  theA6lions  and  Imprellions 
of  all  other  Bodies  which  tend  to  generate 
or  dellroy  Motion  therein  (VI). 

fiance  of  many  Millions  of  Times  Its  own  Quantity  of 
Water,  and  tinge  it  of  a  different  Colour!  But  Inftan- 
ces  of  this  Kind  are  endlefs. 

(V)  Dcs  Cartes  and  his  Followers,  who  deny  a  Va- 
cuumy  do  virtually  deny  Motion;  for  fince  Motion  is  the 
Tranflation  of  a  Body  from  one  Part  of  Space  to  another, 
if  there  be  no  void  Space,  fuch  a  Tranflation  muft  be 
made  thro’  a  Space  abfolutely  fill’d  with  Matter,  or  not 
at  all ;  if  the  firft  be  afferted,  it  will  follow,  that  two 
Bodies  may  be  in  one  and  the  fame  Place  at  once, which 
is  abfurd  ;  therefore  there  can  be  no  Motion  at  all  upon 
their  Principles.  To  fay  a  Body  may  move  in  a  Plenum, 
as  a  Bird  moves  thro’  a  Body  of  Air,  or  a  h  ifh  thro 
Water,  is  faying  nothing  to  the  Purpofe  ;  becaufe  both 

Air  and  Water  abound  with  Vacuities,  (as  is  well  known  ‘S* 
from  the  Nature  of  each,)  whereas  a  Plenum  admits  of  no 
vacuous  Space,  and  therefore  of  no  Motion  of  the  Par¬ 
ticles,  nor  confequently  of  any  Body  between  them.  Be- 
fides,  neither  the  Bird  nor  Fifh  would  be  able  to  continue 
in  the  Air  or  Water,  were  they  not  fpecifically  heavier 
than  thofe  Fluids ;  but  upon  the  buppofition  of  a  Plenum, 
all  fpecific  Gravity  is  taken  away  (as  will  be  fhewn) 
and  fo  the  Cafe  is  not  parallel,  and  therefore  the  Argu¬ 
ment  fallacious. 

(VI)  This  Power  or  Force  of  Matter  arifes  wholly 
from  its  Sluggiflmefs  or  Inactivity,  and  not  at  all  from 
its  Gravity,  as  feme  (of  no  fmall  Name)  have  mifta- 

ATTRAC- 
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ATTRACTION  is  a  Property  that  vve 
find  all  Matter  endued  with  in  a  greater  or 
a  lefler  Degree  :  By  this  Property  the  Par¬ 
ticles  of  Matter  attrad  each  other  by  a 
Power  which  caufes  them  mutually  to  ac¬ 
cede  to,  or  approach  each  other.  This 
Tendency  of  one  Body  to  another  is  call’d 


Icenly  conceived  of  it.  To  make  this  Matter  plain,  fup- 
pofe  a  Body  A  at  reft  in  the  Point  A,  it  would  not  of 
itfelf  move  out  of  that  Point,  unlefs  by  fome  external 
Force  imprefs’d.  FirJ},  Suppofe  the  Body  abfolutely 
light,  and  it  be  required  to  move  it  from  A  to  B,  in  a 
certain  Time ;  to  this  End  fome  Force  muft  be  applied 
aiSling  in  the  Direction  AB,  by  which,  at  the  End  of 
that  Time,  the  Body  will  be  found  in  B ;  and  this 
Force  once  imprefs’d  will  continue  in  the  Body,  and  in 
every  fuch  Particle  of  Time  will  carry  it  thro’  a  Space 
equal  to  AB.  Secondly,  Suppofe  now  Gravity  begins  to 
aft,  and  give  the  Body  Motion,  and  that  by  the  Power 
of  Gravity  the  Body  be  carried  from  A  to  D  in  a  Line, 
paffing  thro’  the  Earth’s  Centre,  in  the  fame  Time  as  it 
before  moved  from  A  to  B  ;  draw  BC  and  DC  equal 
and  parallel  to  AD  and  AB  ;  and  it  is  evident  all  the 
EfFe6l  of  Gravity  will  be  only  to  caufe  the  Body  du-: 
ring  that  Time,  to  defeend  through  Space  equal  to  AD 
from  the  Line  AB,  and  fo  in  the  End  of  that  Time  in- 
llead  of  being  at  B  it  will  be  in  C  ;  but  fince  the  Point 
C  is  as  far  from  D  as  B  is  from  A,  it  follows,  that  whe¬ 
ther  Gravity  a£l:s  or  not,  the  fame  Space  is  deferibed  in 
the  fame  Time  in  the  Dire£tion  AB,  and  fo  the  fame 
Force  is  required  to  give  it  the  Motion,  which  therefore 
has  no  Relation  to  or  Dependance  on  Gravity  ;  but  a- 
rifes  folely  from  the  Nature  of  inadtive  Matter,  and  is  on 
that  Account  ever  proportional  to  the  Number  of  Par¬ 
ticles  or  Quantity  of  Matter  in  Bodies. 


Gravi- 
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Gravitation,  or,  in  the  Abftra6t,  the 
Gravity  or  Weight  of  Bodies  (VII). 

REPULSION  feems  to  be  a  Property- 
belonging  to  the  fmall  Particles  of  Matter 
univerfally ;  for  they  do  not  more  evidently 
attraB  infome  Circumftances,  than  they  repel 
each  other  in  others,  as  will  be  evident  by  Ex¬ 
periments,  hereafter  to  be  exhibited  (VIII). 


(VII)  This  Power,  or  Virtue,  was  originally  com¬ 
municated  to  all  Matter  by  the  Omnipotence  of  the 
Deity,  and  is  no  ways  neceflary  to  its  Exiftence  ;  there¬ 
fore  I  apprehend  when  Sir  Ifaac  fays,  he  is  ignorant  of 
the  Caufe  of  Gravity,  he  can  only  mean  the  particular 
Manner  in  which  it  is  exerted  from  one  Body,  and  in 
which  it  a£ts  upon  another,  and  not  that  he  was 
rant  of  the  Source  or  Principle  of  Power  whence  it  could 
be  derived.  But  as  the  Manner  in  which  it  is  exerted, 
fo  the  Means  by  which  it  is  propagated  from  one  Body  to 
another,  is  as  yet  unknown.  To  account  for  the  ro- 
pagation  of  this  Virtue,  as  of  Light, 
that  there  is  an  exceeding  fine  imperceptible  Medium 
or  ethereal  Spirit,  diffufed  thro’  all  the  Syftem,  and  per¬ 
vading  the  Pores  of  all  Bodies ;  that  this  Medium  is  ex- 
tremelv  elaftic,  and  that  by  its  Tremours  and  Undula¬ 
tions  which  are  almoft  inftantaneous,  the  Emanations 

oftheattradling  Virtue,  Light,  fife,  are  propagated  with 

an  immenfe  Velocity,  much  after  the  fame  Manner  as 
Sounds  are  convoy’d  by  the  undulatory  Motion  of  the 
Air.  By  Means  of  this  mod  funtle  Spirit,  tis  fuppoled, 
likewife,  that  eleflric  Bodies  exert  their  Power  of  at- 
trading  and  repelling  light  Bodies  at  greater  Diftances  ; 
that  Light  is  emitted,  refleded,  refradled,  infleded,  and 
heats  Bodies  ;  that  all  Senfation  is  excited,’  and  animal 
Motion  perform’d  at  Will ;  namely,  by  the  V. bra  ions  of 
this  Spirit  mutually  propagated  along  the  folid  U'^oaent 
of  the  Nerves  from  the  outward  Organs  of  Senfe  to  the 
Brain,  and  from  the  Brain  to  the  Mufcles. 

fVilL  Aitra£i\m  and  Repulfan  differ  in  no  other  Ke- 

^  '  These 
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These  are  the  general  Properties  of 
Matter,  which  we  muft  regard  in  our  Ex¬ 
plications  of  the  various  Phaenomena  of 
Nature,  in  the  Senfe  we  have  defined  them. 
Thefe  are  the  feveral  Data^  or  fundamen¬ 
tal  Principles  on  which  the  Science  of  Phi- 
lofophy  depends,  and  which  will  each  of 
them  afford  an  ample  Field  both  in  the 
fpeculative  a72d  practical  Part.  We  fhall 
(for  the  fake  of  Method)  begin  with  the 
Attraction  of  Bodies,  confider  its  feveral 
Species,  and  prove  their  Exigence  and  the 
Properties  of  each  by  Experiments. 

The  Power  of  Attraction^  or  Caufe  of 
Gravity,  we  prefume  not  to  define,  or  fay 
what  it  is,  but  only  that  it  is,  or  does 
exifi:  j  and  the  Laws  of  its  Adlion  we  fliall 


fpefls  than  this,  that  the  attrading  Virtue  in  the  firft 
Cafe  carries  Bodies  towards  the  attrafting  Body,  and  in 
the  latter,  it  carries  them  from  it.  In  each  Cafe,  the 
Particles  are  moved  in  the  fame  Manner  among  them- 
felves,  by  the  AttraSling,  EleSlric,  or  Magnetic  Power. 
Some  very  eminent  Philofophers  of  late  think  different 
from  Sir  Ifaac  Newton,  who  always  afferted,  that  At- 
tra£lion  and  Repulfion  were  two  different  and  oppofite 
Powers,  but  that  the  latter  begun  where  the  former  end¬ 
ed  ;  but  thefe  Gentlemen  '^ffert,  they  both  belong  to  or 
begin  originally  from  the  Particles  of  Matter  themfelves, 
and  that  thofe  which  once  attraft  or  repel,  always  do  fo ; 
however  this  Principle  requires  to  be  fupported  by  more 
Experiments,  and  better  Reafons  than  we  have  yet  feen 
in  its  Favour. 
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endeavour  to  aflign  by  what  may  be  dis¬ 
cover’d  by  Reafon  and  Experiment.  To 
this  End  we  muft  confider,  that  any  Kind 
of  Power  or  Virtue ,  proceeding  or  propagated 
from  a  Body  in  Right  Lines  every  Way  as 
from  a  Centre^  muft  decreafe  in  its  Energy  or 
Strength  as  the  Squares  of  the  Difiatices  prom 
the  Body  increafe ;  for  ’tis  evident,  the  F orce 
will  be  every  where  as  the  Number  of  Par¬ 
ticles  iffuing  from  the  central  Body  on  a 
given  Space,  which  Number  of  Particles 
will  decreafe  as  the  Squares  of  the  DiRances 
increafe.  Thus  the  Number  of  Particles 
which  at  one  Difance  AB,  from  a  Point  in 
the  Bodyat  A,  falls  on  a  Square  InchBEFG, 
will  he:  four  times  as  great  as  the  Number 
which  falls  on  a  Square  Inch  CHIK  at 
twice  that  Diftance  AC  ;  and  nine  times  asPlfw  m. 
great  as  the  Number  which  falls  on  the 
fquare  Inch  DLMN  at  three  times  that  Di¬ 
ftance  AD  ;  and  fo  on,  as  is  evident  from 
the  Diagram. 

Hence,  fince  we  have  no  Reafon  to 
doubt  but  that  all  Kinds  of  Attraftion  con- 
lift  in  fine  imperceptible  Particles  or  invi- 
fible  Effluvia^  which  proceed  from  every 
Point  in  the  Surface  of  the  attrading  Body, 
in  all  right-lined  Direaions^  every  way, 
which  in  their  Progrefs  lighting  on  other 

Bodies 
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Bodies  urge  and  follicit  them  towards  the 
fuperior  attrafting  Body  j  therefore  the 
Force  or  Intenfity  of  the  attracting  Power 
in  general  muft  always  decreafe  as  the 
Squares  of  the  Diftances  increafe. 

Hence  alfo  we  may  obferve,  by  the  way, 
that  Light  and  Heat^  Odours  and  Perfiunes, 
which  confift  of  Particles  or  Effluvia  that 
proceed  every  way  from  luminous,  heated, 
and  odoriferous  Bodies,  as  from  a  Centre, 
have  always  their  Forces  abated  according 
to  the  above  Law.  The  Force  of  Sounds 
alfo  decreafes  in  the  fame  Proportion,  for 
Reafons  that  will  be  hereafter  affign’d. 

By  virtue  of  attracting  Power,  the  grand 
Machinery  of  the  Solar  Syfiem^  and  doubt- 
lefs  of  all  the  others  in  the  Univerfe,  is  ef¬ 
fected,  eltabliflied,  and  confeiwed.  It  is 
therefore  of  the  greatefl  Confequence,  to  be 
acquainted  with  the  different  Species  of 
this  univerfal  Power  or  Agent,  and  to  learn 
by  Experiments  the  peculiar  Nature,  Laws, 
or  Manner  of  Action  in  each.  Naturalifts 
generally  reckon  Four  different  Sorts  of 
Attraction,  viz. 

I.  The  AttraBion  of  Cohesion,  which 
is  peculiar  to  Corpufcles  or  primigenial 
Particles  of  Matter,  of  which  larger  Bodies 
are  compofed,  by  the  Accretion  and  firm 
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Adhefion  of  tliefe  Particles,  arifing  from 
their  ftrong  attraftive  Power. 

II.  Thr  AttraSiion  of  Electricity, 
which  is  peculiar  to  fome  Kinds  of  Bodies, 
as  Glafs,  Amber,  Sealing-wax,  which 
are  therefore  called  EkBrie.al. 

III.  The  AttraSiion  of  Magnetism,  or 
of  the  Loadftone,  which  is  peculiar  to, 
and  mutual  between  the  Loadftone  and 
Iron. 

IV.  The  Attradikn  of  Gravitation, 
which  is  obfervable  only  in  the  larger  Com- 
pofitions  and  Syftems  of  Matter ;  as  in  the 
Earth  and  Moon,  and  the  Sun  and  Plane- 
tary  Bodies  which  compofe  the  folar  Syftem. 
Of  each  of  thefe  Species  of  Attraction  in 
Order  j  and  firft. 

Of  the  AttradHon  of  Cohesion  :  The 
Laws  and  Properties  of  this  Attradtion  are 
the  following,  (i.)  It  is  very  difcernible 
and  moft  powerful  in  Corpulcles,  or  the 
fmalleft  Particles  of  Matter.  (2.)  It  is 
mutually  exerted  between  thofe  Particles  j 
or  they  mutually  attract,  and  are  attracted 
by  each  other.  (3.)  The  Sphere  of  At¬ 
traction,  or  Extent  of  this  Power,  is  greater 
in  iome  Particles  of  Matter  than  in  others, 
but  very  fmall  at  the  utmoft:  For  (4.) 
This  Power  is  infenfible  in  folid  Bodies  in 
the  leaft  fenfible  Piftance,  a^ing  as  it  were 
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only  on  Conta6l;  and  therefore,  (5.)  It 
muft  be  nearly  proportional  to  the  Quan¬ 
tity  of  contiguous  Surfaces  :  or  the  Parts 
of  Bodies  cohere  moft  ftrongly,  whofe 
touching  Surfaces  are  largeft.  (6.)  This 
Power  muft  decreafe  as  the  Squares  of  the 
Diftances  increafe  j  becaufe  it  muft  be  fup- 
pofed  to  iffue  from  each  Particle  in  right- 
lined  Dire6tions.  ,(7.)  Where  the  Sphere 
of  x\ttra6tion  ends,  there  a  Repelling  Power 
begins,  by  which  the  Particles,  inflead  of 
attraSihig,  repel  and  fly  from  each  other. 
(8.)  By  this  Power  the  fraall  Portions  or 
Drops  of  a  Fluid  conform  themfelves  to  a 
fpherical  Figure  (IX). 


(IX)  To  llluftrate  this  Matter  of  Corpufcular  Attrac¬ 
tion  and  Repulfion:  Let  A,  B,  (in  Fig.  9,  10,  ii,  12.) 
reprefent  two  fmall  Bodies  or  Corpufcles  of  Matter;  and 
their  Spheres  of  Attradlion,  (or  Extent  of  their  Attradl- 
ing  Bower  every  way)  beCDE,  and  E  F  G.  Then 
it  is  evident, 

1.  That  the  Force  with  which  the  Bodies  attrafl  each 
other  will  be  greateft  in  the  Cafe  where  they  touch  each 
other. 

2.  If  the  Bodies  are  of  a  Spherical  Figure  (as  Fig.  9.) 
they  can  touch  but  in  a  fingle  Point;  and  therefore  the 
Power  with  which  they  flick  or  cohere  together  will  be 
the  flighteft  or  weakefl  poffible. 

'  3.  But  if  the  Bodies  are  bounded  by  plain  Surfaces 
(as  Fig.  12.)  the  Power  of  Cohefion  wdlj  be  fo  much 
the  greater,  as  the  Number  of  Particles,  or  Area  of 
the  Surface  by  which  they  touch  is  larger. 

4.  If  the  Corpufcles  A,  B,  touch  not,  but  are  yet 
within  the  Sphere  of  each  other’s  Attraction,  (as  Fig.  10.) 
they  will  then  be  eafily  moveable  or  voluble  about  each 

erthtr. 
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The  firft  and  fecond  of  thefe  Properties 
are  made  raanifefl  by  various  Experiments} 
as  the  fudden  Union  of  two  contiguous 
Drops  of  Mercury^  tFater,  &c.  The  ftrong 
Adhefion  of  two  Leaden  Balls,  which  touch 
by  polifh’d  Surfaces  (X) }  as  alfo  of  Glafs 


other,  and  yield  to  theleaft  Impreffionof  external  Force; 
and  this  will  be  the  Cafe  of  all  Particles,  whatever  be 
their  Figures  or  Forms. 

5.  If  the  Corpufcles  A,  B,  are  feparated  to  fuch  a 
Diftance  as  to  be  without  each  other’s  Sphere  of  At- 
traflion  (as  in  Fig.  1 1.)  then  will  they  fly  from,  or  re¬ 
pel  each  other,  with  a  Power  that  extends  to  a  confide- 
rable  Diftance,  and  is  exerted  every  way  equally  from 
each  Particle. 

6.  If  there  be  a  great  Number  of  thefe  Particles  thus 
difengaged  from  each  other,  but  yet  confin’d  within  cer¬ 
tain  Bounds,  they  will,  by  this  repulfive  Power,  be  all 
fituated  at  equal  Diftances  from  each  other  through  the 
whole  Space,  if  the  confining  Power  be  on  every  Side 
equal. 

7.  This  Power,  while  attraSfive,  extends  to  but  very 
fmall  Diftances  from  the  Corpufcles,  and  then  becomes 
repulfive,  for  ftrldlly  fpeaking,  there  are  no  Bodies  in 
Nature  which  repel  abjolutely,  but  only  at  certain  Diftan¬ 
ces  ;  thus  the  Loadftone  does  not  at  all  Diftances  repel 
the  Needle,  but  only  at  a  definite  Diftance ;  for  eitheF 
Pole  will  attradi  either  End  of  the  Needle  at  a  very 
near  Diftance,  or  upon  Contadf,  as  is  eafy  to  expe¬ 
riment. 

(X)  This  Adhefion  of  Leaden  Balls  Is  fo  very  confide- 
rable,  that  with  two  (not  weighing  above  a  Pound  each, 
nor  touching  upon  more  than  of  a  fquare  Inch  Sur¬ 
face)  I  have  lifted  above  200  lb,  weight.  In  order  to  this, 
the  Surfaces  by  which  they  touch  mail  be  finely  planed 
With  the  Edge  of  a  Iharp  Pen-knife,  and  equally  preft’d 
together  with  a  confiderable  Force,  with  a  gentle  T urn 
of  the  Hand  at  the  fame  I’ime  ;  and  thus  two  common 
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Planes^  and  Cryflal  Buttons :  The  Afcent 
of  Water  between  Glafs  Planes,  and  in  Ca¬ 
pillary  T^uhes  :  The  rifing  of  Water  by  the 

leaden  Bullets  will  adhere  fo  firmly  together,  as  to  re¬ 
quire  upwards  of  8o  lb.  to  feparate  them. 

2.  In  polifh’d  Surfaces  that  are  very  hard,  as  Glafs, 
Brafs,  it  is  impoffible  to  bring  them  into  fuch  clofe 
Contadl  as  to  cohere  without  the  Interpofition  of  W a- 
ter,  or  fomething  humid,  to  fill  the  Pores  by  expelling 
the  Air  contained  therein,  which  prevents  the  planes 
coming  together  while  dry  ;  the  Humidity  in  this  Cafe 
proves  a  Cement  which  holds  the  Planes  together  by  all 
its  Force  of  Attradlion  on  either  bide. 

3.  This  Force  of  Attradlion  between  the  Brafs  Planes 
is  greater  with  Oil  than  with  Water;  and  greater  with 
any  Sort  of  Greafe  or  Fat  that  will  harden  with  Cold  than 
with  Oil.  I  never  yet  could  meet  with  four  Men  ftrong 
enough  to  feparate  Planes  thus  put  together,  which  are 
but  Inches  Diameter ;  and  therefore  they  cohere  with 
a  Force  much  fuperior  to  the  Force  or  PrefTure  of  Air 
on  fuch  a  Surface,  which  contains  about  14  fquare 
Inches,  and  allowing  \slb.  for  PrefTure  to  every|Inch  it 
will  amount  to  but  2^0  lb.  which  is  not  half  the  Strength 
of  four  Men  pulling  againft  each  other  to  ,the  |beft  Ad¬ 
vantage.  I  have  often  feen  fix  Men  endeavour  to  fepa¬ 
rate  them  in  vain. 

4.  Profeflbr  Mufehenhroek  has  made  many  Experi¬ 
ments  to  fhew  the  Force  of  Cohefion  between  Planes 
of  various  Subftances,  and  about  2  Inches  Diameter, 
well  polifhed,  having  firft  heated  them  in  boiling  Wa¬ 
ter,  and  then  befmear’d  them  firft  with  a  cold  Tallow- 
Candle,  and  afterwards  with  boiling  Greafe,  and  the 
Weights  to  feparate  them  were  as  in  the  following 
Table : 


Cold  Greafe. 
Planes  of  Glafs  —  130  lb. 


Hot  Greafe, 


300  lb. 


of  Brafs  —  150 
of  Copper  —  200 
of  Marble —  225 
of  Silver  —  150 
of  Iron  —  300 


800 

850 

600 

250 

950 


Sides 
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Sides  of  a  Glafs  Veflel,  and  into  Tubes  of 
Sand^  u4Jhes,  Sugar,  Sponge,  and  all  porous 
Subftances. 

5.  Thefe  Planes  adhere  by  other  Sorts  of  Matter  with 
Forces  as  in  the  Table  below,  where  the  Weights  ne- 
ceflary  to  feparate  them  are  fpecified  : 

With  VVater  -  1 2  Ounces. 

With  Oil  - -  ! .' ■  1 8  Ounces. 

With  Venice  Turpentine  —  24  Ounces. 

With  Rofin  - - ^ - 850  Pounds. 

With  Tallow  Candle  — —  800  Pounds. 

With  Pitch  - - - 1400  Pounds. 

Though  thefe  Experiments  would  not  always  give  the 
fame  Numbers,  yet  they  fufficiently  fliew  the  vaft  at- 
tra£live  Forces,  and  the  very  great  Difference  between 
them. 

6.  After  this  he  gives  us  an  Account  of  his  Experi¬ 
ments  made  to  find  the  Force  with  which  Bodies  cohere 
naturally,  or  what  is  the  abfolute  Force  of  Cohefion  in 
various  Bodies,  which  he  ellimates  by  the  Weights  re¬ 
quired  to  pull  them  afunder,  drawing  according  to  their 
Length  ;  this  he  tried  firft  in  Wood,  and  afterwards  in 
Metal.  His  Pieces  of  Wood  were  of  a  long  fquare 
Form,  of  which  each  Side  was  -tSo  of  an  Inch,  and 
by  Weights  fufpended  they  were  drawn  afunder,  accord¬ 
ing  to  the  feveral  Sorts,  as  mention’d  below  : 

Wood  of  Linden-Tree  —  1000  /V 


of  Alder - 

-  iqoo 

of  Elm  - - 

- -  Q*;o 

of  Afh - 

-  12  qo 

7.  The  Tryal  he  made  with  Metals  was  of  Weights 
fufpeirded  to  Wires  of  each  Sort,  whofe  Diameter  was 
of  a  Rhinland  Inch  j  or  becaufe  the  Rhinland  Foot  is 
to  ours  as  139  to  135,  the  Wire  was  Parts  of  an 
Inch  EngUJh.  The  Metals  and  Weights  were  as  follow : 
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The  third  of  thefe  Properties  is  evident 
by  the  Experiments  of  Water  rifing  above 
the  common  Level,  and  Mercury’s  finking 
below  it,  in  Capillary  Tubes ;  By  the  flick¬ 
ing  or  adhering  of  Water  to  common  Sub- 
fiances,  which  by  Mercury  are  left  dry. 


Of  Copper  - 

Of  yellow  Brafs 

Of  Gold  - - 

Of  Silver  - - 

Of  Iron  - 

Of  Tin - 

Of  Lead  - - 


299  \h, 

360 

500 

370 

450 

40  i 
29  T 


8.  Thefe  Experiments  fliew  the  alfolute  Force  cf  Cc~ 
h  fion  in  Bodies.  That  which  he  calls  the  Relative  Force 
is'^that  by  which  any  Body  refifts  the  Force  of  any  other 
Body  adtins:  upon  it  in  a  Direffion  perpendicular  to  its 
Length  ;  and  this  he  eftimated  in  the  fame  Pieces  of 
Wood  as  before,  by  putting  one  End  into  a  fquareHole 
of  a  Metal  Plate,  and  hanging  Weights  towards  the 
other  End  fufficient  to'^break  each  Piece  of  Wood  at 
the  Hole.  Thefe  Weights  and  Diftances  from  the  Hol§ 
were  in  his  Experiments  as  follow  : 


Fir  - 
Oak  - 
Elm  - 
Pine  - 
Alder 
Beech - 


Dijlance.  Weights. 

—  9  Inches - 40  Ounces. 


8  4 

9 

9  4 
9  \ 

7 


48 

44 

364 

48 

56 


Such  as  would  fee  much  more  on  this  Subjefl,  may 
confult  the  Author’s  admirable  EJfai  de  Phyjique-,  and 
his  Treatife  of  the  Cohefion  of  Bodies,  altogether  on 
the  Subjedl, 
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The  fourth  and  fifth  Properties  are  e- 
vinced  by  the  Experiments  of  the  different 
Heights  to  which  Fluids  afcend  between 
Glafs  Planes  unequally  inclined,  and  in 
Capillary  Tubes  of  different  Bores :  Alfo, 
by  the  accelerated  Motion  of  a  Drop  of 
Oil  between  two  inclined  Planes ;  And  like- 
wife  by  the  Hyperbolical  Curve  form’d  by 
the  Superficies  of  a  Fluid  afcending  be¬ 
tween  Glafs  Planes  touching  each  other  on 
one  Side. 

The  fixth  Property  is  evident.  The 
feventh  feems  evident  between  fat  and  oily 
Particles  of  Matter,  and  thofe  of  an  aqueous 
Nature:  But  is  moft  manifeft  from  the 
Elaflic  Property  of  the  Air,  whofe  Par¬ 
ticles  comprefs’d  together  reftore  themfelves 
by  this  repellent  Power  to  their  firfl  State : 
Alfo  by  the  Afcent  of  Steam  or  Vapour 
from  humid  or  fluid  Bodies. 

The  eighth  Property  of  this  Attradlion 
is  manifeft  by  Drops  of  Water  falling  on 
Duft;  by  Drops  of  Dew  gathering  on  the 
Tops  of  Grafs ;  and  laftly,  by  Quickfilver 
divided  into  fmall  Portions,  which  always 
form  themfelves  into  perfedl  Spherules  of 
Globules  (XII).  ' 

(XII)  I.  In  order  to  account  for  the  Phsenomena  of 
Glafs  Capillary  Tubes,  iefc.  it  will  be  neceffary  firft  to 
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j  "j 

From  this  Account  of  the  AttraSiion  of 
Cohefion  we  learn  a  rational  Solution  of  fe¬ 
ver  al  very  curious  and  furprizing  Phaeno- 

premife,  that  there  is  a  greater  Attradion  between  the 
Particles  of  Glafs  and  Water,  than  there  is  betw’cen  the 
Particles  of  Water  themfelves  :  For  if  it  were  not  fo> 
Plate  I.  the  leafl:  Quantity  or  Drop  of  Water  C  applied  to  the 
F’g*  13-  under  Side  of  a  Glafs  Tube,  in  a  Pofition  parallel  to 
the  Horizon,  as  A  B,  would  not  adhere  to  it,  but  im¬ 
mediately  fall  down  by  its  Gravity ;  but  we  fee  that  it 
does  not,  till  its  Bulk  and  Gravity  be  fo  far  increafed  as 
to  overcome  the  Attradlion  of  the  Glafs,  and  then  it 
falls  off. 

2.  Since  we  find  fuch  a  ftrong  attraflive  Power  in  the 
Surface  of  Glais,  it  will  be  eafy  to  conceive  how  fenfibly 
fuch  a  Power  muft  aft  on  the  Surface  of  a  fluid  (not 
vifcid)  as  Water,  contained  within  the  fmall  Cavity  or 
Bore  of  a  Glafs  Tube;  as  alfo  that  it  will  be  in  Pro¬ 
portion  ftronger  as  the  Diameter  of  the  Bore  is  fmaller; 
for  that  the  Efficacy  of  the  Power  follows  the  inverfe 
Proportion  of  the  Diameter  i-s  evident  from  hence,  that 
only  fuch  Particles  as  are  in  Contaft  with  the  Fluid,  and 
thofe  irnmediately  above  the  Surface,  can  aft'eft  it. 

3.  Now  thofe  Particles  form  a  Periphery,  or  rather  a 
very  narrow  Annulus  or  Ring  contiguous  to  the  Surface, 
the  upper  Parr  of  which  attrafts  and  raifes  the  Surface, 
and  the  lower  Part,  which  is  in  Contaft  with  it,  fup- 
ports  and  holds  it  up  ;  fb  that  neither  the  Thicknefs  nor 
Length  of  the  Tube  avails  any  thing,  only  the  faid  Pe¬ 
riphery  of  Particles,  which  is  always  proportional  to 

.  the  Diameter  of  the  Bore, 

y  4.  The  Quantity  of  the  Fluid  raifed  will  therefore  be 

as  the  Surface  of  the  Bore  which  it  fills ;  that  is,  as  the 
Diameter,  fince  the  Effeft  would  not  be  otherwife  pro* 
portional  f'  the  Caufe. 

5.  Since  the  Quantities  follow  the  Ratio  of  the  Dia¬ 
meters,  the  Heights  to  which  the  Fluid  will  rife  in  dif¬ 
ferent  Tubes  will  be  inverfely  as  the  Diameters,  which 
is  thus  dembhftrated ; 


mena 
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men  a  of  Nature  :  As  why  the  Parts  of 
Bodies  adhere  and  ftick  fo  firmly  toge- 


Let  < 

. 


Q_,  reprefent  the  Quantities  of  Matter  ralfed ; 

D,  the  Diameters  of  the  1  ubes  Bores  ;  Plate  f. 
H,  h,  the  Heights  to  which  the  Fluid  rifes  in  the  fig. 
Tubes. 


Then  fince  Q^,  reprefent  the  Contents  of  two  Cylin¬ 
ders  of  the  Fluid  (fuppofe  GL  and  IM)  it  will  be 
Qj.  q  DDH  :  ddh,  from  the  Nature  of  a  Cylinder  ; 
and  from  the  Nature  of  this  Attraction,  it  is  CL:  ?  : : 

D  :  i  (as  was  juft  nowfhewn  ;)  therefore  we  have.  As 
:  d'h  ::V)  :  d‘,  and  fo  D’-  Hr/  =  d'-  D  h,  that  is 
IDH  —  d  h  s  confequently,  T>  :  d  :  h  :  H. 

6.  The  Velocity  with  which  it  begins  to  rife  in  the 
Tube  is  exceeding  great,  but  prefcntly  abates,  and  fo 
continues  by  increafing  the  Weight  ot  the  Fluid  that  is 
raifed  ;  and  it  will  continue  to  rife  till  an  Equilibrium  be 
made  between  the  Gravity  and  the  attracting  h  orce  of 
the  Glafs. 

7.  The  PrelTure  of  the  Air  neither  helps  nor  hinders 
the  rife  of  the  Fluids,  for  the  Eftba  is  the  fame  in  Va¬ 
cuo  as  in  the  Air.  But  the  more  vifeid  the  Fluid,  the 
lefs  apt  it  is  to  rife  in  the  Tube. 

8.  The  Power  Fy  which  the  Fluid  is  raifed  will  keep 
it  in  the  Tube  for  any  Time  without  Exhaling  or  Eva¬ 
poration,  as  I  have  tried  by  hanging  feveral  Capillary 
Tubes  thus  charged  with  their  Fluids  for  feven  or  eight 
Months  together  in  the  Summer  Sun,  whofe  Heat  did 
not  appear  to  diminifli  the  Fluids  in  the  leaft  fenfiljle 
Degree. 

9.  By  the  fame  Power  the  Water  rifes  between  Glafs 
Planes,  fo  as  to  form  the  celebrated  Hyperbolic 
Curve,  when  they  are  fo  placed  in  Water  as  to  touch 
on  one  hide,  and  be  feparate  or  opened  to  a  fmall  Dif- 
tance  on  the  other.  Thus  fuppofe  A  B  C  D  the  Surface 

of  Water,  in  which  are  placed  the  two  Planes  f  mO  Plate  I. 
and  ^  ffi  O,  fo  as  to  touch  all  along  the  Side  m  O,  and  yet  Fig.  14. 
open  on  the  other  Part,  fo  as  to  contain  a  fmall  AngleyO  ei 
then  forming  the  Reftangles  O  d  h  p,  O  c  i  0,  O  b  k 
Oalr^  &c.  and  nieafuring  very  exaflly,  they  will  al- 

ther  ; 
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ther;  why  feme  arc  hard,  others  foft-,  fome 
fixed,  others  fiuid-,  fome  elajlic^  others  void 


ways  be  found  equal  to  each  other  ;  and  this  is  a  well 
known  Property  of  the  Hyperbolic  Space  between  the 
Curve  and  its  Legs  O  e  and  O  m. 

10.  If  two  long  Glafs  Planes  arc  firft  fmear’d  over 
with  Oil,  and  then  fet  together  at  their  Ends,  and  in¬ 
clined  to  each  other  under  a  very  fmall  Angle,  and  a 
Drop  of  the  Oil  fo  placed  between  them  as  to  touch 
both  Planes,  it  will  immediately  begin  to  move  towards 
the  touching  Ends,  or  Angles  of  the  Planes,  and  that 
Motion  will  be  continued  with  an  accelerated  Velocity, 
by  reafon  of  the  increafmg  Attradlion  of  the  Planes,  on 
account  of  the  decreafmg  Diftance  between  them,  and 
the  larger  Portion  of  touching  Surface  on  each  Side  the 
Drop ;  concerning  all  which  a  great  deal  has  been  wrote 
to  very  little  Purpofe. 

11.  If  Glafs  be  applied  to  any  other  Fluid,  whofe 
Particles  attradl  each  other  more  ftrongly  than  Glafs  at- 
tradls  them,  all  the  Phaenomena  of  fuch  a  Fluid  in  Ca¬ 
pillary  Tubes,  and  between  Glafs  Planes,  will  be  juft 
the  Reverfe  of  thofe  now  mentioned  of  Water.  Now 
^tick-Jilver  is  fuch  a  Fluid,  and  therefore  it  will  ftand 
lower  within  a  Capillary  Tube  than  without;  the  Sur¬ 
face  convex,  and  not  concave,  as  in  W ater  ;  and  between 
the  Planes  it  will  move  a  contrary  Way,  f^c. 

12.  But  if  a  Rafon  or  Difh  be  made  of  Copper  or 
Brafs,  and  polifhed  well  within  Side,  and  then  tinn’d 
all  over.  Mercury  put  into  fuch  a  Veflcl  will  every  where 
unite  with  the  Tin,  and  may  be  properly  faid  to  wet  it, 
as  Water  does  Glafs  ;  and  the  Mercury,  if  clean,  put 
into  this  Mercurial  Bafon,  will  be  attracled  and  rife  all 
round  the  Sides,  and  have  the  fame  Phanomena  with 
Water  put  into  a  wet  Glaf;,  Tranfparency  only  ex¬ 
cepted. 

13.  Here  I  think  proper  to  mention  an  Experiment, 
with  which  I  have  often  entertained  myfelf  and  others, 
and  that  is,  pouring  Mercury  into  the  abovemention’d 
Dith  or  Bafon  form’d  into  a  true  Spherical  I  igure,  and  welj 
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cf  any  elajiic  ^.ality  which  all  arife  fiom 
the  different  Figure  of  the  Particles,  and 

planifli’d,  it  leaves  the  concave  Surface  fo  nicely  filverM, 
tliat  it  makes  a  moft  delightful  Mirrour,  and  refleas 
the  Light  fo  perfeaiy,  as  to  produce  the  ftrongeft  and 
moft  diflina  Image  of  an  Objea  that  can  pofTibly  be  ef- 
feded  by  Art.  How  far  the  Nature  and  Application  ot 
Mirrours  may  be  improved  by  this  fvlethod,  muft  be  left 
to  farther  and  future  Experience ;  And  alfo  whether  it 
be  not  praaicable  by  this  Means  to  make  a  very  large 
and  moft  effeaual  Burning-Glafs,  at  a  very  eafy  and 

14.  A  late  French  Author  (L’Abbe  Nolkt)  has  thought 
fit  to  call  in  queftion  the  Caufe  we  have  hereafligned  for 
the  Rife  of  Fluids  in  Capillary  Tubes,  and  has  aim  oft 
fneer’d  Dr.  Jnrln’s  learned  Diftertations  on  that  Subject; 
but  I  fee  nothing  that  could  oblige  him  to  do  this,  from' 
what  he  has  faid  to  explode  it ;  no  Man  can  be  con¬ 
vinced  by  his  ifje  dixiu  that  this  is  a  mere  Hypothelis ; 
the  Pheenomena  fo  plainly  Indicate  the  Caufe^  to  e  t 
traflion,  and  agree  in  every  Particular  fo  nicely  to  the 
Theory,  that  ’tis  not  to  be  expedted  we  fbould  give  it 
up  till  we  fee  better  reafon  for  it  than  this  reverend  Fa¬ 
ther  has  given  in  his  prolix  Digreffion  on  this  Subjea. 
See  his  Ler.oni  de  Phyftque  Experimentale.  Tom.  11. 

Page  421,  ^c.  r  •  .u  • 

I ;.  But  though  the  Attraftion  of  the  Glafs  is  the  in¬ 
dubitable-  Caufe  of  the  Afcent  of  Fluids,  yet  it  muft  be 
allow’d  that  the  Nature  and  Genius  of  the  Fluid  is  to 
be  regarded  in  moft  of  the  Phano7nena,  which  are  not 
proportion’d  to  the  attrafting  Power  of  the  Glafs  orily, 
’  but  to  that  Power  conjointly  with  the  various  Difpoiition 
of  Fluids  to  yield  thereto ;  nor  is  the  Denfity  of  the 
Fluid  of  primary  Confideration,  it  being  evident  by  Ex¬ 
periment,  that  fome  lighter  Fluids  will  rife  to  a  lels 
Height  than  others  which  are  much  heavier  :  1  hus  6pi- 
rit  of  Wine  will  rife  but  42  Tenths  of  an  Inch  in  a 
Tube,  where  Oil  of  Tartar  will  rife’ p,  as  in  the '1  able 
below.  Nor  does  it  at  all  depend  on  the  Vifcidity  or 

the 
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the  greater  or  lefler  degree  of  Attra6lion 
confequent  thereupon.  Hence  the  Reafon 

f 

Tenacity  of  Parts  ;  for  hard  white  Varni/h  (very  thick 
and  vifcid)  and  Spirit  of  Wine  afcend  nearly  to  the 
fame  Height.  I  am  inclined  to  think  from  the  Experi¬ 
ments  which  I  have  made,  that  tlie  Afcent  of  Fluids 
depend  greatly  upon  the  Spirit  they  contain,  and  that 
not  on  the  Quantity  of  it,  but  on  fome  peculiar  Adion 
or  Difpofition  thereof,  relative  to  the  attradfing  Power 
of  the  Glafs.  So  from  the  Table  it  appears,  that  Spi¬ 
rituous  Liquors  rife  to  a  fmall  Height  in  general ;  but 
Water,  which  has  none,  to  the  greateft ;  yet  Spirit  of 
Hart’s-horn  and  Spirit  of  Urine  rife  higher  than  Ale  and 
Small -Beer,  which  contain  but  a  fmall  Proportion  of 
Spirit. 

i6.  But  to  let  this  Matter  in  a  clear  Light,  I  have 
very  carefully  made  the  Experiment  on  the  following 
Fluids,  which  were  each  of  them  often  repeated,  and 
with  the  fame  Succefs  ;  the  Bore  of  the  Tube  was  about 
3%  of  an  Inch  in  Diameter. 


Altitude. 


Common  Spring  Water  — 

1 2  Tenths  of  an  Inch. 

Spirit  of  Urine  - - - 

II 

Tindure  of  Galls  ■  ■ 

1 1 

Recent  Urine  - 

lO 

Spirit  of  Salt  — - 

9 

01.  Tar.  per  Deliquium  — 

9 

Vinegar  ■  ■  ■  .  ■ 

9l 

Small  Beer  "  ' 

9 

Strong  Spi  rit  of  Nitre 

SI 

Spirit  of  Hart’s-horn  — 

Sh 

Cream  -  • '  ■  ■■ 

s 

Skimm’d  Milk  ' — — 

8 

Aqua  forth  — ■  i 

7  k 

Red  Wine  ‘ 

7i 

White  Wine  — ■ — ^ 

7s 

Ale  - . 

7i 

01.  Sulph.  per  Campanam  — 

■  6i 

Oil  of  Vitriol  — 

61  - 

Sweet  Oil  — - - 

6 
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why  Flies  walk  on  the  Surface  of  the  Wa¬ 
ter,  and  wet  not  their  Feet.  On  this 
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Oil  of  T urpentine 

Geneva  - 

Rum  - - 

Brandy  - - 

White  hard  Varnifli 
Spirit  of  Wine 


Altitude, 

51  Tenths  of  an  Inch. 


51 

5 

5 

5 


Tindture  of  Mars  - -  4I 

17.  From  other  Experiments  it  appears  that  Heat  and 
Cold  are  not  concerned  in  the  Afcent  of  Fluids,  the 
hotteft  Water  Handing  at  the  fame  Height  as  the  Cold, 

Alfo  Salts  of  any  kind  diflblved  in  Water  makes  but 
little  Alteration  in  the  Heights,  for  when  Water  has 
taken  up  all  it  can  in  the  Solution-  it  will  rife  jo  or 
10 i,  which  fmall  Deficiency  is  owing  undoubtedly  to 
the  increafed  Gravity  of  the  Fluid. 

18.  Tf  here  is  one  Phsenomenon  of  Capillary  Tubes 

very  extraordinary,  wliich  is  this;  if  a  large  bored  Tube  Plate  I. 
N  P  be  at  one  End  P  drawn  out  into  a  fine  Capillary  as  Fig.  15. 
at  O,  fuch  a  Tube  fill’d  wnth  Water,  and  then  inverted 
into  a  Veflel,  of  Water,  as  A  B  C  D,  will  retain  all 
the  Water  fufpended  through  its  whole  Length,  if  it 
does  not  exceed  the  Height  to  which  a  Capillary  of  the 
fame  Bore,  as  at  O,  will  attradf  it.  To  fee  the  Reafon 
of  this,  we  muft  confider  the  Motion  of  a  fmall  Quan¬ 
tity  of  Water  C  D  in  a  tapering  Capillary  A  B  in  anpjg.  i5_ 
horizontal  Pofition.  And  here  we  muft  affign  two 
Principles  of  Motion  in  the  Fluid  C  D  ;  one  is  the  at- 
traSiing  Power  of  the  Glafs  at  C  and  D,  the  other  is  the 
Velocity  of  the  moving  Fluid  in  thefe  Places,  for  the 
Momentum  of  any  Body,  whether  Solid  or  Fluid,  is  al¬ 
ways  proportion’d  to  the  Intenfity  cf  the  moving  Power, 
and  the  Velocity  of  Motion.  (As  is  (hewn  fully  here¬ 
after.)  But  the  moving  Power  or  Attraflion  at  C  is  to 
that  at  D  as  the  Diameter  of  the  Bore  at  C  to  the  Dia¬ 
meter  thereof  atD;  Or,  puttings,  A,  for  the  two  At¬ 
tractions  in  D  and  C,  and  </,  D,  for  the  Diameters,  we 
have  it ;  A  : :  J  ;  D. 


Principle 
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Principle  we  account  for  the  Manner  how* 
Plants  imbibe  the  nutritive  Juice  or  Moif- 

ig.  Again,  the  V^eloclties  (V  and  ■y)  of  the  Water 
in  thofe  Points  are  as  the  Squares  of  the  Diameters  in- 
verfely  (as  will  be  fhewn  hereafter;)  that  is,  V  :  ■y  :  : 

cl  (1.  Therefore  V  X  a  :  w  X  A  3 :  d  d^'T) 

D  :  d.  That  is,  the  whole  Motion  of  the  JVaier  at  D  is 
to  that  at  C  as  the  Diameter  at  C  to  that  at  Y)  y  confe- 
quently  the  Water  will  m.ve  towards  the  End  of  the 
Tube  B. 

20.  Becaufe  when  the  Water  moves  in  the  Tube, 
the  Velocity  at  D  is  greater  than  that  at  C,  and  there* 
fore  the  Spaces  defcribed  in  equal  Time  by  the  Extre¬ 
mities  of  the  Fluid  unequal,  it  follows  that  the  Water 
will  move  from  D  tov>^ards  B  with  an  accelerated  Velo* 
city,  the  Difference  between  the  Diameters  d  and  D 
continually  increafing*  This  likewife  fhews  the  Reafon 
of  the  accelerated  Motion  of  the  Drop  of  Oil  between 
the  two  inclined  Glafs  Planes,  as  mentioned  Art.  10. 
Plate  I.  21.  7'he  Motion  of  the  Water  once  begun  at  D, 
Fi-T.  ij,  will  continue  till  it  has  with  great  Rapidity  reached  the 
End  B  ;  and  if  then  the  End  B  be  raifed  above  the  ho¬ 
rizontal  Line  A  F,  yet  will  the  Water  be  drained  at 
B,  and  not  defeend,  till  the  perpendicular  Altitude  BF 
is  equal  to  the  Height  to  which  the  Water  would  rife 
in  a  Capillary  of  the  fame  Bore  as  at  B. 

Plate  T.  22.  Hence  alfo  if  the  Tube  be  held  in  an  upright  or 
Fig.  iS.  perpendicular  Pofition,  as  AB,  the  Water  will  not  de¬ 
feend,  unlefs  its  Weight  be  fuch  as  when  added  to  the 
Power  adting  at  C  towards  A,  the  Sum  fhall  be  greater 
than  the  Power  adling  upwards  at  B ;  which  Bovver 
arifes  from  the  Attradfion  of  the  Tubes,  the  Velocity 
of  the  Fluid,  and  the  Cohefion  of  its  Particles  ;  for  un¬ 
lefs  we  confider  this  Cohefion  of  the  Particles,  the 
Weight  of  the  Water,  when  the  Veffel  is  large,  will 
*  he  too  great  to  fuffer  a  Sufpenfion  of  the  hduid  by  the 

other  Forces  in  the  Capillary  Part.  * 

23.  Nor  is  this  Cohefion  of  the  Parts  a  Petit  to  Prin- 
cipii.  but  what  we  know  by  Experimeni^to  be  the  Caufe 
of  fuch  a  Pheenomenon  when  nothing  elfe  can  be  foj 

ture 
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ture  of  the  Earth  by  the  Fibres  of  the 
Roots ;  Alfo  for  the  Rife  of  the  Sap  in  Ve¬ 
getables,  and  for  the  whole  Oeconomy  of 
Vegetation  in  general.  Hence  the  Ratio- 
7iale  of  the  various  Secretions  of  Fluids  by 
the  Glands  of  an  Animal  Body,  and  their 
wonderful  Circulation  through  the  fine  Ca¬ 
pillary  Vefiels.  Hence  alfo  the  Reafon  of 
Soldering  and  Gilding  of  Metals ;  alfo  of 
Melting  or  Fufion  of  Heat.  Hence  alfo 
the  Exhalation  of  Vapours  by  the  Heat  of 
the  Sun  or  Fire  j  the  Aggregation  of  Aque¬ 
ous  Particles  in  the  Air,  forming  the  Drops 
of  Rain.  We  hence  fee  the  Reafon  of 

thus  we  find  the  Particles  In  a  Drop  of  W aler  hang  to¬ 
gether  by  Cohefion,  till  the  Gravity  of  the  Whole  draws 
it  from  the  Part  to  which  it  coheres.  Without  this  Co- 
hefion  there  could  be  formed  no  Drop  at  all. 

24.  Hence  likewife  it  is,  that  a  Column  of  Mercury 
well  purged  of  Air,  will  be  fufpended  by  Cohefion  to 
the  Height  of  70  or  75  Inches,  when  the  Air  alone  will 
fuftain  it  to  no  greater  Altitude  than  that  of  3  i  Inches 
at  moft.  Dr.  ‘Jurin  fuppofes  the  PrcfTure  of  an  elaftic 
fubtle  Medium  (which  can  penetrate  the  Pores  of  Glafs 
and  Water)  to  have  fome  Part  in  producing  this  very 
odd  Phtenomenon.  But  if  all  we  can  learn  from  Ex¬ 
perience  be  thought  infufficient,  I  fhall  leave  the  Reader 
to  amufe  himfelf  with  what  Conjedture  he  fhal!  think 
fit ;  alluring  him  in  the  laft  Place,  that  this  wonderful 
Sufpenfion  of  the  Fluid  in  ever  fo  large  a  Glafs,  as  A  C, 
whofe  Top  terminates  in  the  Capillary  B,  is  not  otying 
to  the  PrelTure  of  the  Air,  becaufe  the  fame  thing  will  Plate  I. 
happen  in  an  e.xhaufted  Receiver  on  the  Air-pump.  See  P'S*  ^9* 
Appendix,  Numb.  II.  to  Cotes  Lectures, 
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Dijiilktion,  Filtration,  Dijfolution,  Digejlion, 
Sublimation,  Precipitation,  Cryftallization, 
and  all  the  other  Operations  of  Che?nijlry 
and  Pharmacy,  which  are  no  otherways  to 
be  accounted  for.  Laftly,  we  find  Sir 
Ifaac  Nenaton  (at  the  End  of  his  Optics) 
gives  a  beautiful  and  clear  Solution  to  thofe 
wondrous  Phaenomena  of  fubterranean  Ac- 
cenfions  and  Explojions  j  of  F olcano  s  and 
Earthquakes ;  of  Hot  Springs,  Damps,  and 
fuffocating  Exhalations  in  Mines,  &c.  on 
the  Principles  of  this  Sort  of  •  Attraction 
and  Repulfion  (XIII). 

(XIII)  I.  The  Rationale  of  the  feveral  important 
Particulars  here  mention’d  will  eafily  appear  from  the 
preceding  Principles  or  Properties  of  Matter.  Thus 
Hardness  of  Bodies  arife  from  fuch  Figures  of  the 
Particles  of  Matter  as  permit  them  to  touch  by  large 
Surfaces,  and  thus  to  have  a  great  Power  of  AttracSlion; 
and  at  the  fame  Time,  fo  to  fit  and  fall  in  with  each 
other,  that  they  prevent  any  Motion  enfuing  among 
themfelves  by  any  external  Preflure ;  whereas  in  another 
Sort  of  Figure,  the  Particles  may  be  admitted  to  touch 
by  pretty  large  Surfaces,  yet  fuch  as  not  confining  each 
other,  will  ^rmit  the  Motion  imprefs’d  on  the  external 
Parts  to  proceed  among  the  interior  Particles,  which 
will  thus  eafily  move  among  themfelves,  and  make  what 
we  call  Softnefs  in  Bodies. 

2.  Fixity  is  much  the  fame  as  Hardnefs,  and  owing 
to  the  fame  Caufe,  and  is  oppofed  to  Fluidity,  which 
may  in  fome  Senfe  be  efteem’d  the  greateft  Degree  of 
Softnefs,  becaufe  a  fluid  Body  yields  to  the  leaft  PrclTure, 
and  therefore  the  attradlive  Power,  by  which  the  Par¬ 
ticles  of  a  Fluid  cohere,  muft  be  the  leaft  polTible  ;  but 
this  refults  from  fuch  a  Figure  as  admits  of  the  feweft 
points  of  Contacl  poffible,  that  is,  a  Spherical  tigure. 
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And  hence  ’tis  evident  that  Bodies  are  more  or  lefs  fluid 
as  their  Parts  approach  more  dr  lefs  to  a  globular  Figure. 
All  which  follows  from  Annotat.  III.  2. 

3,  Elasticity  in  Solids  arifes  from  the]  fame  Prin¬ 
ciple  of  corpufcular  Attradlion  ;  thus  if  a  Steel  Spring, 
or  Wire,  or  Piece  of  very  thin  Glafs,  be  bent  out  of 
Its  natural  Pofition,  the  Particles  on  the  convex  Part  are 
forced  from  that  intimate  Contaft  they  before  had  ;  and 
on  the  concave  Part  they  are  forced  nearer  together,  or 
harder  upon  each  other,  than  in  the  natural  State ;  in 
both  Cafes  there  will  be  a  confiderable  Reftftance  to  be 
overcome,  and  require  a  fuperior  Force.  During  this 
State  of  the  Particles  they  may  be  faid  to  be  under  a  Sort 
of  Tenfion  on  one  Side,  and  Compreffion  on  the  other  ; 
and  flnce  by  this  Force  they  are  not  drawn  out  of  each 
other’s  Attraftion,  as  foon  as  the  Force  is  remitted  or 
ceafes  to  adf,  the  attradlive  Power  reduces  the  Particles, 
and  unbends  the  Wire  by  reftoring  it  to  its  natural  State 
and  Site.  Now  ’tis  well  known  that  many  Subftances 
are  compofed  of  fuch  fibrous  Parts  or  Filaments,  which 
refemble  fine  Wire,  and  are  interwoven  and  difpofed  in 
fuch  a  Manner  (as  in  Sponge,  for  lnftance)^that  they  can¬ 
not  be  comprefs’d  without  being  bent  or  wrefted  from 
their  natural  Pofition,  whence  all  fuch  Bodies  will  in 
fuch  a  Cafe  exert  a  Force  or  Spring,  and  thus  prove 
elajlic.  This  Theory  may  be  applied  to  Bodies  of  a 
clofer  Texture,  as  Cork,  Wood,  Ivory,  Glafs,  &c.  And 
fuch  Matter  as  wants  this  Texture  and  Difpofition  of 
Parts,  will  not  exert  fuch  a  Spring  or  Force,  but  take 
the  Figure  arifing  from  the  imprefs’d  Force,  and  thus 
prove  what  we  call  Non-Elajiic  Bodies. 

4.  Soldering  is  another  notable  EfFe£l  of  this  co- 
hefive  Power ;  for  when  the  Surfaces  of  two  Pieces  of 
Metal  are  made  clean,  or  freed  from  all  intervening 
Matter  befides  the  Solder,  the  Solder  being  then  flux’d, 
its  Particles  will  freely  enter  the  Pores,  or  come  into 
Contaft  with  thofe  of  the  polifh’d  Surfaces  of  Metal, 
and  by  that  Means  adhere  firmly  to  each,  and  there¬ 
fore  when  the  melted  Solder  becomes  cold  and  fixed,  it 
holds  the  Surfaces  exceeding  fall  together,  in  the  Na¬ 
ture  of  a  Glue  or  Cement,  which  are  all  of  the  fame 

VoL.  I.  D  kind. 
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kind,  but  differ  in  the  Degree  of  the  cohefive  or  at¬ 
tracting  Power  of  the  Parts. 

5.  hdELTiNG  or  Fusion  of  fixed  Bodies  depends  up¬ 
on  the  fame  Theory;  for  v.'hen  the  Particles  of  a  fixed 
Body  are  feparated  by  the  ACtlon  of  Heat  fo  far  as  not 
to  touch,  or  but  very  flightly,  yet  not  fo  far  as  to  be  out 
of  each  other’s  Attraction,  they  then  will  eafily  move 
by  each  other,  and  put  on  all  the  Appearances  of  a  fluid 
Body,  (as  plainly  follows,  from  Jnnotat.  X.  4.) 

6.  Evaporation  proceeds  likewife  from  hence, 
that  when  the  Particles  are  fo  far  feparated  by  Heat  as 
to  be  without  each  other’s  Attraction,  they  then  begin 
to  repel  each  other,  and  thus  will  feem  to  rife  from 
the  Surface  of  the  Fluid  in  Form  of  a  Vapour,  or 
Body  of  Particles,  w’hich  are  at  equal  Diftances  from 
each  other  ;  and  becoming  thus  fpecifically  lighter  than 
the  fame  Bulk  of  airy  Particles,  they  will  rife  in  the  fluid 
Body  of  Air  till  they  come  to  that  Part  of  it  which  has 
the  fame  Gravity,  and  they  will  there  make  what  we 
call  Clouds,  which  will  move  this  Way  or  that,  ac¬ 
cording  to  the  Current  of  Air  in  thofe  Regions.  See 
jinnot.  X.  c,  6. 

7.  The  Vapours  thus  ralfed  become  the  Original 
Matter  of  all  Meteors,  one  Degree  of  Cold  condenf- 
ing  them  into  larser  Globules,  which  fall  in  Drops  of 
Rain  ;  a  greater  Degree  producing  a  Fixednefs  or  Co¬ 
agulation  of  the  Particles,  which  flioot  like  Salts  into 
various  curious  Forms,  and  make  the  Fleaks  of  Snow; 
a  third  and  ftill  greater  Degree  of  Cold  congeals  the 
Vapours  into  a  harder  Subffance,  greatly  variegated  in 
Form  and  Confifience,  and  thus  produces  Hail.  If 
the  Cold  condenfes  the  Vapour  fo  that  it  can’t  rife  high 
above  the  Surface  of  the  Earth,  it  will  there  hover  about, 
and  fill  the  lower  Air  with  an  obfeuring  Fog  or  Mist  : 
Or,  if  the  Cold  be  more  intenfe,  it  freezes  the  Miff  to 
every  Twig  and  Blade  of  Grafs  in  Form  of  av/hiteln- 
cruftation,  which  w'e  call  a  Rime.  If  die  Air  be  warm, 
fo  that  the  Vapour  therein  be  too  fine  to  be  vifible  in 
the  Day-time,  it  vvill  yet  be  condenfed  by  the  Coolnefs 
of  the  Evening  fo  far  as  to  defeend,  and  fettle  upon  the 
Tops  of  Grafs  in  the  Form  of  Dew:  But,  laflly,  if 
the  Evenings  of  fudh  a  fine  Day  be  cold  enough  to 

freeze. 
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/i-eeze,  then  inRead  of  a  Dew  there  will  appear  a  W hxte 
Frost  all  over  the  Surface  of  the  Ground. 

8.  The  Capillary  Syphon  is  a  moft  curious 
Pkccnpmenon,  arifing  from  the  fame  Principle  ;  for  the 
Water  being  raifed  to  the  Flexure  or  bended  Part,  by 
the  attrading  Force  of  the  (hotter  Leg  immerfed  into 
it,  the  fame  Force  continuing  to  a£t  carries  it  even  into 
the  longer  Leg,  and  there  confpiring  with  the  Force 
of  Gravity,  the  Water  precipitately  defeends  and  drives 
the  Air  before  it,  and  thus  would  keep  running  or  drop¬ 
ping  out  till  all  the  Water  were  exhaufted  to  the  Orifics 
of  the  immerfed  Leg,  if  the  Operation  were  to  be  con¬ 
tinued  long  enough. 

9.  T'he  Filter  Is  to  be  confider’d  as  nothi/ig  more 
than  a  Cmpound  Capillury  SyphoJi ;  for  the  Threads  or 
Filaments  of  which  it  confifts,  lying  very  near  together, 
make  long  and  (lender  Vacuities  or  Interlaces,  which 
reprefent  fo  many  Capillary  Syphons,  which  attrad,  , 
raife,  and  decant  oft'  the  Fluid  in  a  confiderable  Quan¬ 
tity,  proportional  to  their  Number  or  the  Largenefs  of 
the  Filler. 

10.  After  the  fame  Manner  it  Is,  undoubtedly,  that 
the  Humidity  of  the  Earth  is  drawn  into  the  Subflance 
of  the  Roots  of  Plants  and  Vegetables,  which  we  know 
confiftof  long  and  very  minute  Fibres  fo  difpofed  as  to 
form  an  infinite  Number  of  tubular  Interftices,  which 
ad  in  the  Nature  of  a  Filter,  and  imbibe  the  Juices 
and  Moifture  deftin’d  for  the  Nutriment  and  Growth  of 
the  Plant. 

1 1.  Thus  alfo  it  is  reafonable  to  fuppofe  the  fine  Ex- 
panfion  or  Ramificatioij  of  the  Ladieal,  the  Lymphatic., 
and  Sa7iguiferru5  VeJJ'eh  thro’  all  the  Subftance  of  the  i 
Glands  and  Vifcera  in  the  fineft  Capillary  Tubes,  does 
greatly  affift,  if  not  wholly  promote,  the  Circulation  of 

the  Blood  and  Juices,  in  order  to  the  various  Secretions 
of  each  refpedive  Gland  ;  an  Effed  too  great  for  the 
Pulfive  Force  of  the  Heart,  or  larger  VefTels,  w'hen  thus 
fo  infinitely  and  minutely  divided,  were  it  not  to  be 
joined  by  the  (trong  Attradion  of  thofe  Capillary  Parts. 

12.  By  this  Means  it  is  that  Tallow  and  Oil  rife  Into 
the  Wicks  of  Candles  and  Lamps :  That  Sponge  fo 
readily  fucks  up  and  retains  fo  great  a  Quantity  of  a 
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Fluid  :  That  Tubes  of  Afhes  or  Sand  will  thus  raife 
Water  to  the  Height  of  feveral  Feet.  ’Tis  by  this 
Virtue  that  the  Pen  retains  Ink,  and  the  Paper  draws  it 
forth  in  Writing  ;  or  refufes  to  admit  it,  if  oil’d,  by 
the  Repellency  of  the  Particles  of  Oil. 

13.  By  this  Power  fix’d  Bodies  are  difiolved  by  proper 
Mediums;  as  Sugar  and  all  Kinds  of  Sails  by  Water  ; 
Silver,  Copper,  Tin,  &c.  by  Aqua- For  tis  \  Gold  by 
Aqua  Regia ;  and  other  Bodies  in  other  Menftruums. 
The  Reafon  is,  that  when  the  Particles  of  the  Solid  and 
Fluid  attradb  one  another  more  firongly,  than  either 
thofe  of  the  Solid  or  thofe  of  the  Fluid  attrafl  each  other 
feparately,  then  a  Separation  of  the  Parts  or  Dijfolution 
mufi  enfue.  For  fince,  (or  Inftance,  if  a  Particle  of 
the  Fluid  be  attra£led  with  a  greater  Force  than  a  con¬ 
tiguous  Particle  of  the  Solid,  that  Fluid  Particle  will 
rulh  upon  the  other  with  fo  great  an  Impetus,  as  in- 
ftantly  to  difplace  it,  and  feparate  it  from  the  Solid  Par¬ 
ticle  to  which  it  before  adhered  with  a  weaker  Force ; 
and  thus  we  are  to  conceive  of  every  other  Particle,  till 
the  Whole  be  difiolved,  which  will  then  end  when  each 
Fluid  Particle  has  fill’d  its  Sphere  of  Attraaion  with 
thofe  of  the  Solid  ;  and  the  Fluid  is  then  laid  to  be  fa- 
turated,  and  will  difiblve  no  more. 

14.  Precipitation  likewife  is  a  Confequence  from 
the  fame  Principle;  for  if  to  ihe  Solution  of  any  Solid 
fome  other  Solid  or  Fluid  Body  be  added,  whole  Par¬ 
ticles  are  attraded  by  the  Fluid  with  a  greater  Force 
than  thofe  of  the  difiolved  Solid,  then  will  the  former 
take  Place  of  the  latter,  which,  being  difengaged,  will 
fall  to  the  Bottom,  and  fettle  in  Form  of  a  very  fine 
Powder;  thus  is  Silver  precipitated  by  Copper,  which 
the  Aqua-Fortis  attrads  more  powerfully  than  Silver. 
Thus  a  Solution  of  Copper  is  again  precipitated  by 
Iron,  and  other  Solutions  have  their  refpedive  Precipi- 


tants. 

15.  Fermentation  Is  alfo  an  Efted  of  the  fame 
Caufe,  inafmuch  as  it  confifis  in  the  internal  Agitation 
and  Commotion  of  the  Parts  of  the  fermenting  Body, 
arlfing  from  their  mutual  Adion  and  Attradion  lb  often 
mention’d.  By  this  means  Bodies  are  either  wholly  dif- 
folv’d,  as  has  been  faid ;  or  have  their  Parts  fo  far  al- 
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ter’d  and  compounded  with  other  Matter,  that  they  feem 
to  change  tlieir  Natures,  and  acquire  quite  new  Pro¬ 
perties  and  Principles.  Thus  Malt  by  Fermentation 
yields  a  Spirit  by.Diftillation,  tho’  not  like  it  before  ; 
not  to  mention  Putrefaction,  and  the  many  notable 
Phenomena  thence  arifing.  See  Shaw's  Lectures  on  Che- 
mijiry. 

16.  The  Heat,  Ebullition,  and  Explosion  of 
fundry  Mixtures  are  owing  to  the  violent  Action  and 
great  Rapidity  of  Motion  among  the  conftituent  Par¬ 
ticles  ;  for  all  Heat  and  Accenfion  proceeds  from  an  At¬ 
trition  or  Rubbing  of  the  Particles  of  Matter  one  among 
another.  Thus  Aqna-Forfis  and  the  Particles  of  Copper 
aft  fo  violently  on  each  other  as  to  caufe  a  great  EfFer- 
vefcence  and  Heat ;  and  Steel-Filings  produce  a  Blaft 
or  Explofion  inftantly.  Again,  Oil  of  Caraway-Seed, 
pour’d  on  compound  Spirit  of  Nitre,  kindles  to  Flame 
with  fuch  prodigious  Force,  that  in  Vacuo  it  has  blown 
up  and  burft  an  exhaufted  Receiver  fix  Inches  wide  and 
eight  Inches  deep. 

17.  In  accounting  for  Thunder  and  Lightning 
we  have  recourfe  to  the  fame  Principles,  that  is,  a  Fer¬ 
mentation  betw^een  the  fulphureous  Steams  exhaled  from 
the  Earth,  and  the  Nitrous  Acids  or  Salt  in  the  Air, 
which  take  Fire,  and  caufe  Explollons  in  the  fame 
Manner  as  in  the  Experiments  juft  mentioned.  And  in 
fome  fuch  Manner  all  other Meteors  zcg  produced. 

18.  Alfo  that  Burning-Mountains,  Mineral  Coruf- 
cations  and  Suffocating  Damps,  Earthquakes,  hot  Springs, 
tAc.  are  produced  by  the  inteftine  Commotion  arifing 
from  the  Mixture  of  divers  Nitro-acid  and  Sulphureous 
Matters  in  the  Bowels  of  the  Earth,  is  evident  from  a 
common  and  eafy  Experiment,  which  is  by  taking  equal 
Parts  of  Sulphur  and  Steel-Filings,  and  working  them 
together,  with  a  little  Water,  to  the  Confiftence  of  a 
Pafte  ;  then  putting  it  under  Ground,  it  will  prefently 
begin  to  heat,  and  in  a  few  Hours  take  Flame  and  blow 
up  the  Earth  about  it  with  a  confiderable  Shock,  fo  as  to 
reprefent  an  Earthquake,  and  a  Sort  of  Volcano  in 
Miniature. 

ig.  That  Metals  diffolved  in  Fluids  diffufe  them- 
felves  equally  through  all  the  Subftance,  and  keep  an 
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equal  Diftance  among  themfelves,  feems  owing  to  arepul. 
five  Virtue.  Alfo  the  KejieSlion  and  InJicSilcn  of  the  Rays 
of  Light  from  Bodies  before  they  come  to  touch  them, 
as  alfo  the  Emiffion  of  Light  in  luminous  Bodies,  feem 
efte^led  by  fuch  a  repulfive  Power  5  which  (as  has  been 
faid)  commences  where  the  Sphere  of  Attraflion  ends. 

20.  The  Spherical  Figure,  which  the  Drops  of  a. 

Fluid  afreiSl;  being  left  to  themfelves,  is  another  Con-  t 

feqirence  of  Corpufcular  AttraQion  ;  for  confidering  one 
fingle  Particle  of  the  Fluid,  its  attractive  Force  being 
every  Way  equally  exerted  to  an  equal  Diftance,  itrnuft 
follow  that  other  Fluid  Particles  are  on  every  Side  drawn 

to  it,  and  will  therefore  take  their  Places  at  an  equal 
Diftance  from  it,  and  confequeritly  form  a  fpherical 
or  peifeCily  round  Superficies ;  in  like  Manner  as  the 
Fai  th  and  Sea  afteCt  a  fpherical  f'igure  from  the  central 
Attraction  being  every  way,  equally  direCled. 

21.  The  furprifing  Phanomcna  of  Glafs  Drops  (fome- 
times  called  Prince  Rupert’s  Drops)  are  moft  probably 
fuppofed  to  arj,fe  from  hence,  vi%.  That  while  the  Glafs 
is  ill  Fufion  or  melted  State,  the  Particles  are  in  a  State 
of  Repulfion;  but  being  dropped  into  cold  Water,  it  fo. 
condenfes  the  Particles  in  the  external  Parts  or  Super¬ 
ficies,  that  they  are  thereby  reduced  within  each  other's 
AttraClion,  and  by  that  Means  form  a  Sort  of  hard 
Cafe  which  keeps  confined  the  aforefaid  Particles  in  a 
repulfive  State ;  but  when  this  Cafe  is  broke  by  breaks 
ing  off  the  Tail  of  the  Drop,  the  faid  confined  Par¬ 
ticles  have  then  Liberty  to  exert  their  Force,  which 
they  do  by  burfting  the  Body  of  the  Drop,  and  reducing 
it  to  a  very  peculiar  Form  of  Powder.  This  Theory 
feems  to  be  corroborated  by  making  the  Drop  red  hot, 
end  letting  it  cool  gently  in  the  open  Air,  for  then  it 
has  no  fuch  Ffreft.  Yet  another  Experiment  feems  to 
impugn  this  Hypothefis  ;  and  that  is,  by  grinding  away 
any  Part  of  the  Drop  on  a  Grind-ftone,  the  remaining 
Part  continues  entire  ;  and  yet  there  appears  no  manifeft 
Realon  why  it  fhould  not  break  or  burft  into  Duft,  if 
the  internal  Particles  be  the  Caufe  of  it,  fince  by  this 
Means  they  muft  needs  he  fet  at  Liberty  in  the  moft 
ample  Manner  pofiible  :  Unlefs  it  be,  that  in  Grinding, 
the  Vacuities  between  the  internal  Particles  are  fill’d  up 
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The  Second  Species  of  AttraBion  is  that 
of  Electrical  Bodies,  as  Glafs^  A.mbej\ 
Sealing-Wax,  Jet,  &c.  the  principal  Proper¬ 
ties  of  which  are  as  follows  (i.)  Thofe 
Bodies  attradl  others  which  are  very  light,  as 
Feathers,  Hairs,  Leaf-Brafs,  &c.  (2.)  The 

Sphere  or  Extent  of  this  attradling  Power 
is  at  the  Diftance  of  fcveral  Feet  j  but, 

with  the  Matter  of  the  Stone  forced  in  by  the  hard  At¬ 
trition,  and  by  this  Means,  fixing  the  Particles  of  the 
Glafs  next  the  Stone,  and  thus  deftroying  their  repulfive 
Force,  conftituting,  as  it  were,  another  Sort  of  hard 
external  Cafe,  which  confines  the  Particles  no  lefs  than 
the  other.  And  this  feems  to  be  confirm’d  by  that  Part 
v/hich  touch’d  the  Stone  remaining  entire,  w'hen  all  the 
reft  of  the  Stone  is  reduced  to  Duft  by  breaking  off  the 
Tail  or  fmall  Part,  as  any  one  will  find  to  be  the  Cafe 
on  Trial. 

Scholium. 

Ey  this  wonderful  and  moft  extenfive  Power  of  Cor- 
piifcular  AiiraCiion  and  Retupion,  we  account  for  moft 
or  all  the  Ph^snomcna  of  Nature,  arifing  from  the  hete¬ 
rogeneous  Mixture  and  various  Aflbciations  of  Particles 
of  different  Bodies;  but  why,  in  fome  Cafes,  thofe  Par¬ 
ticles  fhould  readily  attract,  and  in  others  as  ftrangely 
repel  each  other,  there  has  as  yet  been  no  demonftrative 
Reafon  affign’d.  The  Hypothefisof  a  Polarity,  or  Mag¬ 
netic  Power,  in  every  Particle  of  Matter,  by  which  they 
are  difpofed  on  one  Part  to  attraft,  and  on  the  other  to 
repel,  in  Manner  of  the  Load-ftone,  is  as  fpecious  as  it 
is  ingenious ;  but  fince  the  Newtonian  Philofophy,  in  fun¬ 
damental  Principles  efpecially,  is  founded  entirely  on  the 
®  Bafis  of  experimental  Proof,  or  Demonftration  from 
Geometry,  we  ought  to  be  careful  how  we  introduce 
any  Conjedture  for  Truth,  unlefs  all  Circumftances  con¬ 
clude  and  urge  the  fame,  which  I  believe  is  not  the 
Cafe  of  that  above-mentioned. 
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(3.)  It  varies  with  the  State  of  the  Wea-^ 
tiier,  being  greateft  in  hot  and  dry  Wea¬ 
ther,  but  weaker  in  warm  and  moift. 
(4.)  It  may  be  communicated  to  a  great 
Diftance,  viz,  feven  or  eight  hundred  Yards, 
by  the  Intervention  of  a  proper  Body,  as 
Hempen  Strings,  &c.  (5.)  This  Virtue  is 

excited  by  Attrition,  or  hard  Rubbing  by 
the  Hand  or  with  a  Piece  of  Cloth,  but 
will  not  be  produced  by  the  Warmth  of 
Fire.  (6.)  It  penetrates  or  pervades  the  • 
Pores  of  Glafsj  and,  (7.)  It  may  be  com¬ 
municated  to  other  Bodies,  fo  as  to  render 
them  eledlrical.  (8.)  If  the  Sphere  of  At¬ 
traction  be  interrupted  on  any  Part,  it  de- 
flroysthe  Efficacy  of  the  Whole.  (9.)  By 
this  Virtue  Bodies  are  not  only  attrafted, 
but  alfo  repelled  alternately  to  a  very 
fenfible  Diftance,  and  with  a  furprifmg 
Velocity.  (10.)  The  Body  once  repell’d 
from  the  Tube  will  not  be  again  attraCfed 
by  it,  till  it  has  firft  touch’d  fome  other 
Body,  (ii.)  Bodies  attracted,  and  ftick-  * 
ing  to  the  Tube,  will  be  then  attraCled 
by  other  Bodies  not  eleCfrical  j  as  the  Fin¬ 
ger,  ^c.  (12.)  This  Virtue  will  exert  it- 

felf  in  Vaeno,  as  well  as  in  open  Air.  (13.)  ® 
It  appears  lucid,  and  fparkles  like  Fire,  in 
§  da;-k  Room,  (14.)  It  is  alfo  fenfible  to 
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the  Ear  by  a  crackling  Noife,  like  a  green 
Leaf  in  the  Fire  (XIV). 
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(XIV.)  I.  To  the  Properties  of  Eleftrical  Bodies, 
here  enumerated,  we  fhall  add  the  following. — This 
Quality  is  of  two  Sorts,  viz.  (i.)  Vitreous  Eleiiricity., 
^that  v.’hich  belongs  to  Glafs-,  and  (z.)  Refmous  Elec¬ 
tricity,  or  that  which  belongs  to  Amber,  Roftn,  Wax, 
Gums,  and  fuch  like  Subftances.  They  are  different 
Kinds,  becaufe  their  Effeds  are  contrary;  for  the  light 
Bodies  repell’d  by  one  will  be  attracted  by  the  other, 
tho’  excited,  which  cannot  happen  when  both  Bodies 
have  the  fame  attractive  Power. 

2.  All  Vegetable  Subftances  differ  from  Animal  ones 
in  this  refpectalfo;  for  an  Hempen  or  Flaxen  Thread 
or  String  will  receive  the  Electricity  of  Glafs,  and  carry 
it  inftantaneoully  to  an  incredible  Diftance,  to  fome 
non-electric  Body,  but  will  not  impart  it  to  a  Silk  or 
Hair  Line  by  which  it  is  fufpended.  This  is  the  Reafon 
why  feveral  Men  ftanding  on  Cakes  of  Rofin  or  Wax 
(which  will  not  receive  the  Vitreous  EleSlricity)  convey 
that  Virtue  from  one  to  the  other  in  a  moft  furpriling 
Manner.  Thus  alfo  it  is  that  a  Feather  fufpended  by  a 
Flaxen  Thread  will  be  alternately  attracted  and  repell’d, 
but  if  hung  by  a  Silken  String  will  not  be  again  attracted 
after  it  is  once  repell’d  ;  and  vice  verja,  with  refpect  to 
Amber  or  Sealing-Wax. 

3.  Hitherto  we  have  not  difcover’d  the  Ufes  of  this 
wondrous  Quality ;  but  Mr.  Gray,  juft  before  he  died, 
hit  upon  an  Experiment  of  this  Kind,  which  feem’d  to 
indicate  that  the  Attractive  Power,  which  regulates  the 
Motions  of  the  Heavenly  Bodies,  is  of  the  Electric 
Kind.  The  Experiment  was  thus;  he  fi'<ed  a  large 
round  Iron  Ball  upon  the  Middle  of  a  large  Cake  of  Rolin 
and.  Wax,  and  exciting  the  Virtue  ftrongly  in  the  Cake, 
a  fine  Feather  fufpended  by  a  Thread,  and  held  near 
the  Iron  Ball,  was  carried  round  it  by  the  Effluvia  in  a 
circular  Manner,  and  perform’d  feveral  Revolutions  ;  it 
moved  the  fame  W^ay  with  the  Planets,  from  Weft  to 
paft,  and  its  Motion  (like  theirs)  was  not  quite  cir- 


The 


’’li 


'f  I 


0/ the  AttraSiion  Magnetism. 

The  7hird  Species  of  AttraBion  is  that 
of  the  Magnet  or  Loadstone  j  the  pri¬ 
mary  Properties  whereof  are  the  following, 
(i.)  Every  Loadftone  has  two  Points  call’d 
Poles,  which  emit  the  Magnetic  Virtue. 
(2.)  One  of  thofe  Poles  attradts,  the  other 
repels  Iron,  but  no  other  Body.  (3.)  This 
Virtue  is  communicated  to  Iron  very  copi- 
oufly  by  the  Touch,  which  renders  it  ftrong- 
ly  Magnetic.  (4.)  A  Piece  of  Iron  fo 
touch’d  by  the  Loadftone,  and  nicely  fuf- 
pended  on  a  fharp  Point,  will  be  deter¬ 
mined  to  fettle  itfeif  in  a  Diredlion  nearly 
North  and  South.  (5.)  The  End  of  the 
Needle  touch’d  by  the  South  Pole  of  the 
Stone  will  point  Northwards ;  and  the  con¬ 
trary.  (6.)  Needles  touch’d  by  the  Stone 
will  dip  below  the  Horizon,  or  be  direcfed 
on  the  touch’d  Part  to  a  Point  within  the 
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cuJar  but  a  little  elliptical.  See  the  whole  Account  in 
Philof.  Trauf  N°  444. 

Many  other  Experiments  of  this  kind  have  been  tried 
fince  ;  but  when  they  are  rightly  confidered  they  will  be 
found  of  no  Service  in  iiccounting  for  the  Motions  of 
the  Heavenly  Bodies,  which  depend  on  much  more  ra¬ 
tional  and  certain  Principles,  as  we  fhall  (hew  in  a  pio* 
per  Place. 

Since  the  firft  Edition  of  this  Work  there  have  been 
a  great  Number  of  new  Difeoveries  and  Improvements 
in  Electricity  and  Magnetism,  which  we  muft 
by  no  Means  fuffer  to  be  wanting  in  a  Com  pleat  Syftem 
of  Philofophy,  and  therefore  fhall  add  an  Appendix  to 
this  Ledure,  giving  an  Account  of  the  fame. 

Earth’s 
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Earth’s  Surface.  This  is  called  the  Dip¬ 
ping  Needle.  (7.)  This  Virtue  is  alfo  to 
be  communicated  to  Iron,  by  a  ftrong  At¬ 
trition  all  one  way  ;  whence  Files,  Drills, 
are  always  found  to  be  Magnetical. 
(8.)  Iron  Rods  or  Bars  acquire  a  Magnetic 
Vhrtue  by  ftanding  long  in  one  Pofition. 
(9.)  Fire  totally  deftroys  this  Virtue  by 
making  the  Stone  or  Iron  red  hot.  (10.) 
This  Power  is  exerted  fenfibly  to  the  dif- 
tance  of  feveral  Feet,  fii.)  It  is  fenfibly 
continued  through  the  Subftance  of  feveral 
contiguous  Bodies  or  Pieces  of  Iron,  as 
Keys,  &c.  (12.)  It  pervades  the  Pores  of 

the  hardeft  Bodies  j  and  (13.)  Equally  at¬ 
tracts  the  Iron  in  Vacuo,  as  in  open  Air 
(XV.) 

(XV’^.)  I.  To  the  above  Properties  of  the  Loaciftone 
I  fltall  add  the  following,  viz.  That  the  fume  Pole  of  the 
Stone  will  communicate  to  a  Piece  of  Iron  the  Power  of  at- 
trailing  or  repelling  the  fame  End  of  a  touch'd  Needle,  by 
drawing  it  different  Ways  thereon.  Or  thus,  If  a  Piece 
of  Iron  be  drawn  to  the  Right  Hand  and  attradls,  it 
will  repel  if  drawn  to  the  Left,  which  is  not  a  little 
wonderful. 

2.  I  have  oftentimes,  by  a  fmart  Stroke  of  a  Ham¬ 
mer  on  the  untouch’d  End  of  the  Dipping-Needle, 
caufed  the  Magnetic  Virtue  to  come  all  to  that  End 
from  the  other,  fo  as  to  make  it  dip  on  that  Side  as 
much  as  it  did  on  the  other  Side  before :  And  on  the 
contrary,  I  have  by  fuch  a  Stroke  fometimes  made  it 
dip  much  more  on  the  touch’d  End  than  before.  Again, 
fometimes  by  ftriking  it,  the  Needle,  which  dipp’d 
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These,  and  many  others  are  the  Pro¬ 
perties  of  a  Body,  not  more  wonderful 
than  ufeful  to  Mankind. 


before,  wi]]  be  refior’d  to  its  Equilibrium,  as  if  the 
Virtue  had  made  its  Lfcapc,  or  were  uniformly  dif¬ 
fus'd  over  all  the  Needle.  So  capricious  are  the  Phaeno- 
mena  of  this  amazing  Power. 

3.  There  is  a  very  curious  Method  of  rendering 
vifiblc  the  Diredfions  which  the  Magnetic  Effluvia  take 

Plate  IT.  go'iig  out  of  the  Stone  ;  Thus,  let  A  B,  CD,  be  the 
Fig.  I,  Poles  of  the  Stone  ;  about  every  Side  gently  ftrew  fome 
Steel-P'ilings  on  a  Sheet  of  white  Paper;  thefe  fmall 
Particles  will  be  affe£led  by  the  Effluvia  of  the  Stone, 
and  fo  pofited  as  to  fhew  the  Courfe  and  Diredlion  of 
the  Magnetic  Particles  on  every  Part.  Thus  in  the 
Middle  of  each,Pole  between  A  B,  and  D  C,  it  appears  to 
go  nearly  flrait  on  ;  towards  the  Sides  it  proceeds  in  Lines 
more  and  more  curved,  till  at  lafc  the  Curve-Lines  from 
both  Poles  exadlly  meeting  and  coinciding,  form  num- 
berlefs  Curves  on  each  Side,  nearly  of  a  circular  Fi¬ 
gure,  as  reprefented  in  the  Diagram.  This  feems  to 
fliew  that  the  Magnetic  Virtue  emitted  from  one  Pole 
circulates  to  and  enters  the  other. 

4.  The  Caufe  of  the  Variation  of  the  Needle  has 
remain'd  hitherto  without  any  demonftrative  Difeovery; 
yet  fince  its  Decimation,  and  Inclination,  (or  Dipping) 
do  both  of  them  manifeflly  indicate  the  Caufe  to  be 
fomewhere  in  the  Earth,  it  has  given  Occafion  to  Phi- 
lofophers  to  frame  Hypothefes  for  a  Solution,  which 
make  the  Earth  a  large  and  general  Magnet  or  Load- 

‘  ftone,  of  which  all  the  lefTer  ones  are  but  fo  many  Parts 
or  Fragments,  and,  being  pofl'efs’d  of  the  fame  Virtue, 
will,  when  left  to  move  freely,  have  the  fame  Difpofi- 
tion,  and  Similarity  of  Pofttion,  and  other  Circum- 
ftances. 

5.  The  moft  confiderable  of  thefe  Hypothefes  is  that 
of  the  late  fagacious  Dr.  HalUy,  which  is  this ;  The 
Globe  of  the  Earth  is  one  great  Magnet,  having  fur  Mag- 
tieiical  Poles  or  Points  of  Aitrabiion,  near  each  Pole  of  the 
Equator  two  ;  and  that  in  thofe  Parts  of  the  IVorld  which 
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lie  near  adjacent  to  any  one  of  thofe  Magnetical  Poles^  the 
Needle  is  chiefly  govern  d  thereby,  the  near eji  Pole  being  al- 
vuays  predominant  over  the  more  remote  one.  Ot  the  Nordi 
Poles’,  that  which  is  neareft  to  us,  he  fuppofes  to  be  in 
the  Meridian  of  the  Land’s  End,  and  about  feven  De- 
arc  es  from  the  North  Pole  of  the  World,  which  go¬ 
verns  the  Variations  in  Europe,  Tartary,  and  the ' 
North  Sea  ;  the  other  he  places  in  a  Meridian  paffing 
thro’  California,  about  fifteen  Degrees  from  the  North 
Pole  of  the  World,  which  governs  the  Needle  in  North 
America,  and  the  Oceans  on  either  Side,  In  like  Man¬ 
ner  he  accounts  for  the  Variations  in  the  Southern  He- 
mifphere.  Philo j.Pranf.  N"^  148- 

6.  The  Variation  of  the  Needle  from  the  North  and 
South  Points  of  the  Horizon  not  being  the  fame,  but 
variable  in  different  Yeats  and  in  a  diverfe  Manner  in 
different  Parts  of  the  Earth,  made  the  Doaor  farther 
conje£fure,  that  two  of  the  Magnetic  Poles  were  fix  d, 
and  two  moveable;  and  in  order  to  make  this  out,  he 
fuppofes  the  external  Part  of  the  Earth  to  be  a  dhell  or 
Cortex,  containing  within  it  a  Magnetic  moveable  ^a- 
cleus,  of  a  globular  Form,  whofe  Centre  of  Gravity  is 
the  fame  with  that  of  the  Earth,  and  moveable  about 
the  fame  Axis. 

7.  Now  if  the  Motions  of  both  the  Shell  and  the 
Nucleus  were  the  fame,  the  Poles  of  each  would  always 
have  the  fame  Pofition  to  each  other ;  but  he  fuppofes 
the  Motion  of  the  Nucleus  to  be  a  very  fmall  Matter  lefs 
than  that  of  the  Shell,  which  yet  is  fcarce  fenfible  in 
365  Revolutions  ;  and  if  fo,  the  Magnetic  Foies  of  the 
Nucleus  will  by  flow  Degrees  change  their  Diftance  from 
the  Magnetic  Poles  of  the  Shell,  and  thus  caufe  a  Va¬ 
riation  in  that  Needle’s  Variation,  which  is  govern  d  by 
the  moveable  Pole  of  the  Nucleus ;  while  that  Vari¬ 
ation  which  refpedfs  the  fix’d  Poles  of  the  Magnetic 
Shell  remains  more  conftant ;  as  in  Hudfon  s  Bay  the 
Change  is  not  obferved  to  be  near  fb  faff  as  in  thefe 
Parts  of  Europe.  And  it  appears  from  fome  late  Ac¬ 
counts,  that  in  fome  of  the  northernmoft  Parts  of  the 
Bay  the  Needle  lofes  its  Magnetifm,  and  which  has 
been  recovered  again  by  laying  the  Needle  by  a  Fire, 
and  keeping  it  in  a  warm  Room. 


8.  What 
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8.  What  feems  a  little  ftrange  is,  that  the  Dceiof 
has  no'  where,  that  I  know  of,  undertook  to  account 
for  the  Dipping  of  t!ic  Needle  by  this  flypothefis  ;  tha’ 
the  Invention  of  th's  [bv  Mr.  Blugrave)  was  before  that 
of  the  Chai)ge  of  ’ne  Netdle’s  Variati.n  (by  Itdr.  Gcla-^ 
brand)  ;  nor  do  I  ue  at  prefent  which  way  this  Phano- 
menon  is  explicable  by  it.  But  we  have  not  yet  fo  ma¬ 
ny  accurate  obfervations  of  the  Needle's  Incl  fiation  as  we 
have  of  its  Variation^  w’hich  is  its  only  ufeful  Property. 
By  feveral  Experiments  M.r^raham  very  accurately 
made  it  appear,  that  the  Quan^ty  of  the  Needle’s  In¬ 
clination  to  the  horizontal  Line  :«l5^s  an  Angle  of  about 
74  or  75  Degrees:  That  is,  Tuppofe  A  B  a  touch’d 

rlatei.  Needle,  fupported  on  the  Point, ,L' of  the  Pin  C  D,  it 
fig.  20.  contain  an  Angle  A  C  H  or  BC  O  with  the  hori¬ 
zontal  Line  HO  of  74  or  75  Degrees. 

9.  The  Variation  of  the  Needle'  has  within  a  Cen¬ 
tury  paft  undergone  a  remarkable  Alteration;  for  at 
i.ondon  it  was  obferved  by  Mr.  Biu  roivs  in  the  ATar 

Plate  II  Eaft;  that  is,  if  N,  S  reprefent 

-p.^  '  the  North  and  South  Points'' of  the  Horizon,  and  E,  W, 

the  Eaft  and  Weft  Points,  the  Needle  then  had  the  Si¬ 
tuation  A  B,  fo  that  the  Arch  N  B  an  1  1°.  15'.  After 
that,  in  the  ATar  1  622,  it  was  obferved  by  Mr.  Gunter 
to  be  but  6 Eaft.  In  the  Year  16  Mr.  Gellib:  and 
obferved  it  to  be  4°.  5'.  Eaft.  In  1657,  was  obferved 
by  Mr.  Bond  to  be  nothing  at  all,  that  is,  the  NYedle 
placed  itfelf  then  in  the  Situation  S  N,  and  pointed  di- 
reftly  to  the  North.  After  this,  in  the  Year  1672,  Dr. 
HalLy  obferved  it  to  be  2'’.  30'.  Wtftward  ;  and  again 
in  the  Year  1692,  he  found  it  6'’.  Weft.  Since  then, 
in  the  Year  1722,  Mr.  Grahatn,  by  moft  accurate  Ex¬ 
periments,  found  it  to  be  14°.  13'.  And  at  prefent  it 
is  about  I  yi  Degrees ;  and  in  fome  Places  I  have  found 
it  18  Degrees  AVeftward,  as  in  Mount's  Bay  by  Peti- 
fancc. 

xo.  The  Variation  of  the  Declinatun  and  Indinctun 
of  the  Needle  is  variable  and  fubjeft  to  no  regular  Com¬ 
putation.  What  the  Quantity  of  both  Sorts  of  Varia¬ 
tion  is  in  the  feveral  Parts  of  the  World,  will  be  ftiewn 
in  Dr.  Lfa/Zy’s  Map  of  the  World,  improved  from  the 

Obfer- 
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Obfervations  of  Mr.  Pounds  which  is  inferted  at  the 
End  of  the  Lecture  on  Wind  and  Soumd. 

1 1.  I  think  the  Law  of  Magnetic  Attradlion  is  not 
vet  afcertain’d  ;  Sir  Ifaac  Nnuton  fuppofes  it  to  decreafe 
nearly  in  the  Tripdcate  Ratio  of  the  Diftance  ;  But  Dr. 
Heljham^  trying  the  Experiment  with  his  Loadftone, 
found  it  to  be  as  the  Squares  of  the  Dtjlances  inverfely. 
And  the  Power  of  my  Loadftone  decreafes  in  a  different 
Manner  from  either,  it  being  in  the  Sejquiplicate  Rati» 
of  the  Diftances  inverfely.  For  Exadnefs,  I  made  a 
fquare  Bar  of  Iron  juft  of  an  Inch  thick,  and  then 
I  provided  three  Pieces  of  Wood  of  the  fame  Form  and 
I  Thicknefs  precifely.  Then  poifing  the  Loadftone  very 
nicely  at  the  End  of  a  Balance  which  would  turn  with 
I  lefs  than  a  Grain,  I  placed  under  it  the  Iron  with  firft: 
one  Piece  of  Wood,  then  two  Pieces,  and  laftly  all 
three  Pieces  upon  it,  by  which  means  the  Steel  Points 
of  the  Pole  were  kept  at  I  of  an  Inch  from  the 
Iron,  and  in  thofe  Diftances  the  Weights  put  into  the 
oppoffte  Scale  to  raife  the  Loadftone  from  the  Wood 
(which  it  touch’d  while  the  Beam  was  horizontal)  were 
ks  follows : 


Ratio  of  Ratio  of  Sefquip. 
Grains,  the  Squares,  the  Cubes.  Ratio. 

—  156  —  156  —  156  —  156 

—  58  —  39  —  19—5^ 

—  28  —  17  —  6  —  30 

12.  Whence  it  appears,  that  the  Numbers  of  Grains 
to  counter-adi  the  Power  of  the  Loadftone  in  thefe  Dif¬ 
tances  approach  very  near,  and  are  almoft  the  fame 
with  thofe  which  are  in  the  Sefquiplicate  Ratio^  but  are 
widely  different  from  thofe  which  are  in  the  Duplicate 
or  Triplicate  Ratio ;  and  this  Experiment  I  tried  feveral 
times  for  each  Diftance,  and  with  fcarce  any  Variation, 
in  the  Succefs. 

13.  'fhe  Power  or  Force  of  Magnets  is  generally 
greater  in  fmall  than  in  large  ones,  in  Proportion  to 
their  Bulk.  I#  is  very  rare  that  very  large  ones  will 
take  up  more  than  3  or  4  times  their  own  Weight, 
but  a  fmall  one  is  but  tolerably  (good  that  will  take 
up  no  more  than  8,  10,  or  12  times  its  Weight.  The 
Honourable  Mr.  Berkley.,  at  Bruton,  has  one  whofe 

Weight 
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Weight  (with  the  Armature)  is  but  43  Grains,  which 
will  take  up  1032  Grains,  which  is  24  times  its  Weight. 
But  that  of  Mr.  (which  he  wears  in  his  Ring, 

inftead  of  a  Diamond  of  lefs  Value)  which  weighs  ' 
fcarce  Three  Grains,  will  take  up  746  Grains,  which 
is  250  times  its  Weight,  which  is  by  far  the  ftrong- 
eft  and  beft  of  any  I  have  feen  ;  and  therefore,  as  a  great 
3*  Curiofity,  1  have  given  a  Print  of  the  Ring  and  Stone 
with  the  Iron  hanging  to  it. 

14.  Iron  Bars  by  handing  long  in  the  fame  Pofition  1 
will  acquire  the  Magnetic  Virtue  to  a  furprizing  De¬ 
gree.  I  have  feen  one  about  10  Feet  long  and  3  Inches 
thick,  (fupporting  the  Summer  Beam  of  a  Room)  which 
has  been  able  to  turn  the  Needle  at  8  or  10  Feet  dif-, 
tance,  and  exceeded  a  Loadftone  of  3  '  Pounds  Weight. 
From  the  Middle  Point  upwards  it  was  a  North  Pole, 
and  downwards  a  South  Pole;  and  1  have  by  me  an  Iron 
Rod  which  has  feveral  Poles  or  Parts  which  change  the 
Pofition  of  the  Magnetic  Needle  :  It  is  the  Beam  of  a, 

^''g*  7*  large  Steelyard,  which  let  A  E  reprefent ;  then  at  A,  ! 

and  from  thence  to  B,  the  North  End  of  the  Needle  is  1 
attra£led  ;  at  B,  and  from  thence  to  C,  the  North  End 
is  repell’d  and  the  South  End  attradled  ;  from  C  to  D, 
the  North  End  is  again  attrafled  and  the  South  End  re¬ 
pell’d,  and  from  D  to  E  the  South  End  is  attrafted,  and 
the  North  End  repell’d  ;  laftly,  at  the  End  E  begins 
another  Pole,  and  there  the  Needle  Hands  nearly  pa¬ 
rallel  with  the  Beam,  with  neither  End  attraded. 

15.  It  will  be  proper  here  to  acquaint  the  Reader  with 
the  feveral  Methods  of  communicating  the  Magnetic 
Virtue  to  Iron,  in  fo  great  a  Degree,  that  fuch  a  Piece 
of  Iron  or  Steel  is  defervedly  call’d  an  Artificial  Magnet 
or  Loadfione ;  and  as  it  poffelTes  all  the  Properties,  fo  it 
is  ufed  to  all  the  Purpofes  of  the  Natural  Loadftone. 

I  6.  The  firft  Way  of  making  an  Artificial  Magnet  is 
by  preparing  feveral  Steel  Larnina,  or  thin  Plates,  about 
6  or  8  Inches  long,  and  half  an  Inch  broad  ;  thefe  well 
polilhed,  and  properly  touch’d  on  a  very  ftrong  Load¬ 
ftone,  at  each  End,  and  then  put  together  and  arm’d 
with  Steel  Points  like  the  common  Stone,  will  become 
an  Artificial  Magnet. 
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17.  A  fecond  Way  is  by  preparing  folid  Pieces  of 
Steel,  and  having  wrought  them  to  a  proper  Figure,  po- 
lifh’d,  and  arm’d  them  with  Steel  Harmour ;  if  then  one 
of  them  be  properly  held  in  the  Magnetic  Meridian  Line, 
and  the  other  which  is  arm’d  be  drawn  feveral  Times 
along  it,  it  will  conceive  a  great  Degree  of  Magnetifm  ; 
if  then  the  Armour  be  removed  from  this  and  placed  on. 
the  other,  and  that  in  like  Manner  touch’d  on  this,  it 
will  become  Magnetical.  But  to  defcribe  the  particular 
Manner,  with  ail  its  Circumftances,  would  be  too  tedi¬ 
ous ;  I  fhall  therefore  refer  the  Reader  to  the  Account  given 
by  the  reputed  Inventor,  Mr.  Savery  who  was  the  firft 
that  publifh’d  any  confiderable  Difcoveries  relative  to 
Artificial  Magnetifm  j  but  1  have  heard  Mr.  Lovelace  Senr. 
affirm,  that  he  was  before  that  Time  pcfTelTed  of  the 
Secret,  and  communicated  it  to  Mr.  Savery, 

18.  A  third  Way  is  to  provide  a  Piece  of  Steel,  and 
continue  rubbing  it  very  hard  all  one  W 'jy  with  a  polifh’d 
Steel  Inftrument,  which  will  by  this  Sort  of  Friction 
conceive  fo  great  a  Degree  of  Virtue,  as  to  become  zn 
Artificial  Magnet,  of  greater  Force,  very  often,  than  the 
natural  ones.  A  fmall  piece  of  Wire  thus  order’d  will  be 
as  tender,  and  point  as  nicely  Northwards,  as  any  one 
touch’d  by  the  Natural  Magnet. 

19.  A  fourth  Way  is  to  heat  a  Piece  of  Steel  red  hot, 
and  then  quench  it  in  W ater,  being  held  therein  in  fuch  a 
Pofition  as  the  Dipping-Needle  takes  when  fufpended  on 
a  (harp  Point.  This  Method  will  fucceed  only  in  the 
Hand  of  thofe  who  by  frequent  Trials  have  acquired  a 
peculiar  Sagacity  this  Way  ;  and  indeed  the  fame  may 
be  faid  of  all  the  others.  ’Tis  Experience  only  that 
gives  a  Perfon  the  Ingenuity  necelTary  for  fucceeding  in 
all  fuch  Affairs. 

20.  A  fifth  Way  is  by  fetting  a  Bar  of  Iron  or  Steel 
in  a  proper  Place,  and  there  letting  it  ftand  for  a  long 
Time  in  a  Pofition  unalter’d,  and  it  will  acquire  a  very 
great  Magnetic  Virtue,  as  has  been  already  taken  Notice 
of;  a  perpendicular  Pofition  isbeft,  and  the  larger  the  Bar, 
and  the  longer  itftands,the  better  orftronger  it  will  be. 

*  Philof.  Tranf.  N°  41 4. 

Vot.  I.  E 
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21.  A  fixth  Method  of  giving  this  Virtue  to  Iron  In . 
a  furpriiing  Degree,  and  alfo  to  the  Loadftone  itfelf,  yea  , 
of  altering  or  reverfing  its  Poles,  and  dlfpofleffing  it  of 
its  Virtue,  almoft  in  any  Manner,  was  long  a  Secret 
in  the  Hands  of  a  few,  but  is  now  well  known ;  and  for 
the  Reader’s  praftical  Entertainment,  as  well  as  Inftruc- 
tion,  we  (hall  give  a  Plate  in  the  following  Appendix, 
reprefenting  a  particular  Method  of  communicating  this 
Virtue  in  the  greateft  Degree,  as  invented  by  a  Gentle¬ 
man  well  known  for  a  peculiar  Enchirefts  great  Suc- 
cefs  in  Magnetical  and  EleSlrtcal  Experiments. 

.  N.B.  Since  the  following  Appendix  ON  Electri- 
CIVY  was  printed  off,  I  have  been  apprifed  of  a  New 
Dif.overy  highly  conducing  to  the  Illuftration  of  that 
hitherto  almoft  unintelligible  Subject.  A  Stone  (faid 
to  be  brought  from  the  llle  of  Ceylon^  and  is  called  Tour 
Malin)  has  lately  been  found  to  be  poffeffed  of  the  Elec¬ 
trical  Property  in  a  very  fingular  and  furprifing  Manner. 
It  is  the firjl  Stone,  or  hard  and  unelaftic  Body,  I  believe, 
that  was  ever  experienced  to  be  eledtrical.  It  is  theyf^ 
Subjedi  that  has  been  found  to  have  the  eleiftric  Virtue 
excited  without  FrtShon  ;  for  Heat  or  VV armth  alone  is 
fufficient  to  render  it  very  fenfibly  ele<ffrical.  It  is  the 
firft  Sub  ft  ante  found  to  poffefs  a  twofold  Species  of  Elec¬ 
tricity  ;  Glafs  has  only  one  Sort,  and  Amber  only  one  o- 
ther,"^  contrary  to  the  former ;  but  this  wonderful  Stone 
poffeffes  both  Sorts,  the.  Vitreous  on  one  Side,  and  the 
Refinous  on  the  other  j  in  fbort,  all  Kinds  of  electri¬ 
cal  Experiments  are  fhewn  by  it  alone ;  which  can  be  faiff 
of  no  other  Body.  It  is  fuppofed  this  Difeovery  will 
tend  greatly  to  illuftrate,  if  not  wholl;^  confirm,  the  new 
Doctrine  of  Ele^irkalThunder  and  Lightning. 


A  P  P  E  N  D  I  X 

To  LECTURE  I. 
PART  I. 

Concerning  the  Improvements  and  7'iev) 
Experiments  in  Electricity. 

f  g  Improvements  in  Ele6lriclty 

I  have  been  To  great  and  numerous, 
that  it  would  be  almoft  in  vain  to 
attempt  even  the  epitomizing  of  them  all. 
We  muft  therefore  refer  our  inquifitive 
Readers  to  the  feveral  Authors  who  have 
wrote  on  this  Subject }  but  ftill  we  think 
it  neceffary  in  a  Treatife  of  this  Kind,  that 
there  fliould  be  a  larger  Account  of  this 
wonderful  Power  than  what  was  given  in 
the  firft  Edition  of  this  Work;  and  there¬ 
fore  we  have  added  by  Way  of  Appendix, 
two  Papers  of  Experiments  by  Mr.  Can¬ 
ton,  as  we  find  them  in  the  Tranfaftions 
of  the  Royal  Society.  The  firft  of  which 
is  contained  in  N“  LIII.  of  VoL  XLVIII. 
Part  I.  The  Title  of  which  is, 
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El(0n cal  Experiments,  v)ith  an  Attempt  to  ,, 
account  for  their  'federal  E hccjiomena to-  •' 
gethcr  ’with  Jome  Obfer’vations  on  Thunder-  ^ 
Clouds,  by  John  Canton,  M.  A.  and  . 

F,  R.  S.  J: 

1 

Experiment  i . 

From  the  Clellng,  or  any  convenient  | 
Part  of  a  Room,  let  two  Cord-balls,  X 
each  about  the  Bignefs  of  a  fmall  Pea,  be  J- 
fufpended  by  Linen  Threads  of  eight  or  : 
nine  Inches  in  Length,  fo  as  to  be  m  con- 
ta61:  with  each  other.  Bring  the  excited 
glafs  Tube  under  the  Balls,  and  they  will 
be  feparated  by  it,  when  held  at  the  Dif- 
tance  of  three  or  four  Feet ;  let  it  be  ■ 
brought  nearer,  and  they  will  ftand  farther 
apart ;  intirely  withdraw  it,  and  they  will ' 
immediately  come  together.  This  Expe¬ 
riment  may  be  made  with  very  fmall  Brafs 
Balls  hung  by  Silver  Wire  i  and  will  fuc-  . 
ceed  as  well  with  Sealing-wax  made  eledlri- 
cal,  as  with  Glafs. 

Experiment  2, 

If  two  Cork-Balls  be  fufpended  by  dry 
Silk  Threads,  the  excited  Tube  muft  be 

brought  within  eighteen  Inches  before  they 

will 
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will  repel  each  other ;  which  they  will  con¬ 
tinue  to  do,  for  fome  time,  .after  the  Tube 
is  taken  away. 

As  the  Balls  in  the  firft  Experiment  are 
not  infulated,  they  cannot  properly  be  faid 
to  be  elearified;  But  when  they  hang 
within  the  Atmofphere  of  the  excited  Tube, 
they  may  attraa  and  condenfe  the  elec¬ 
trical  Fluid  round  about  them,  and  be  fe- 
parated  by  the  Repulfion  of  its  Particles. 
It  is  conjeaured  alfo,  that  the  Balls  at  this 
time  contain  lefs  than  their  common  Share 
of  the  elearical  Fluid,  on  Account  of  the 
repelling  Power  of  that  which  furrounds 
them  j  though  fome,  perhaps,  is  continu¬ 
ally.  entering  and  paffing  through  the 
Threads.  And  if  that  be  the  Cafe,  the 
Reafon  is  plain,  why  the  Balls  hung  by  Silk, 
inthefecond  Experiment,  muft  be  in  a  much 
more  denfe  Part  of  the  Atmofphere  of  the 
Tube,  before  they  will  repel  each  other. 
At  the  Approach  of  an  excited  Stick  of 
Wax  to  the  Balls,  in  the  firll  Experiment, 
the  elearical  Matter  is  fuppofed  to  come 
through  the  Threads  into  the  Balls,  and 
be  condenfed  there,  in  its  Paflage  towards 
the  Wax  :  for,  according  to  Mr.  Franklin, 
excited  glafs  emits  the  elearical  fluid,  but 
excited  Wax  receives  it. 

E  3 
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Experiment  3.  . 

Let  a  Tin  Tube,  of  four  or  five  Feet  l. 
in  Length,  and  about  two  Inches  in  Dia- 1' 
meter,  be  infulated  by  Silk ;  and  from  1, 
one  End  of  it  let  the  Cork-balls  be  fuf-  i 
pended  by  Linen  Threads.  Ele^Sfrify  it,  || 
by  bringing  the  excited  Glafs  Tube  near  | 
the  other  End,  fo  as  that  the  Balls  may  hand  f 
an  Inch  and  a  half,  or  two  Inches  apart :  } 
Then,  at  the  Approach  of  the  excited 
Tube,  they  will  by  Degrees  lofe  their  re-  i 
pelling  Power,  and  come  into  Contaft ;  : 
and  as  the  Tube  is  brought  ftill  nearer, 
they  will  feparate  again  to  as  great  a  Dif-  ; 
tance  as  before :  In  the  Return  of  the 
Tube  they  will  approach  each  other  till 
they  touch,  and  then  repel  as  at  firft.  If 
the  Tin  Tube  be  eledfrified  by  Wax,  or  the 
Wire  of  a  charged  Phial,  the  Balls  will  be 
affedled  in  the  fame  Manner  at  the  Ap¬ 
proach  of  excited  Wax,  or  the  Wire  of 
the  Phial. 

Experiment  4. 

Electrify  the  Cork-balls  as  in  the  lad: 
Experiment  by  Glafs  5  and  at  the  Approach 
of  an  excited  Stick  of  Wax  their  Repulfion 
will  be  increafed.  The  Effedl  will  be  the  i 

fame,  : 

1 


i 
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fame,  if  the  excited  Glafs  be  brought  to¬ 
wards  them,  when  they  have  been  electri- 
'  ‘fied  by  Wax. 

The  bringing  the  excited  Glafs  to  the 
End,  or  Edge  of  the  Tin-Tube,  in  the 
third  Experiment,  is  fuppofed  to  eleftrify 
it  pofitively,  or  to  add  to  the  electrical 
Matter  it  before  contained;  and  therefore 
fome  will  be  running  off  through  the  Balls, 
and  they  will  repel  each  other.  But  at  the 
Approach  of  excited  Glafs,  which  likewife 
emits  the  electrical  Fluid,  the  Difcharge  of 
it  from  the  Balls  will  be  diminiflied;  or 
Part  will  be  driven  back,  by  a  Force  act¬ 
ing  in  a  contrary  Direction  ;  and  they  will 
I  come  nearer  together.  If  theTubebe  held 
at  fuch  a  Diftance  from  the  Bails,  that  the 
Excefs  of  the  Denfity  of  the  Fluid  round 
about  them,  above  the  common  Quantity 
in  Air,  be  equal  to  the  Excefs  of  the  Den¬ 
fity  of  that  within  them,  above  the  com¬ 
mon  Quantity  contained  in  Cork;  their 
Repulfion  will  be  quite  deftroyed.  But  if 
the  Tube  be  brought  nearer ;  the  Fluid  with¬ 
out,  being  more  denfe  than  that  within 
the  Balls,  it  will  be  attrafted  by  them, 
and  they  will  recede  from  each  other 
again. 

E  4  When 
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When  the  Apparatus  has  loft  Part  of 
its  natural  Share  of  this  Fluid,  by  the  Ap- 
proacli  of  excited  Wax  to  one  End  of  it, 
or  is  eleftrified  negatively  j  the  eledlrical 
F'ire  is  attracted  and  imbibed  by  the  Balls 
to  fupply  the  Deficiency  j  and  that  more 
plentifully  at  the  Approach  of  excited 
Glafs,  or  a  Body  pofitively  electrified,  than 
before}  whence  the  Diftance  between  the 
Balls  will  be  increafed,  as  the  Fluid  fur¬ 
rounding  them  is  augmented.  And  in  ge¬ 
neral,  whether  by  the  Approach  or  Recefs 
of  any  Body }  if  the  Difference  between 
the  Denfity  of  the  internal  and  external 
Fluid  be  increafed  or  diminiflied}  the  Rc- 
pulfion  of  the  Balls  will  be  increafed,  or 
diminiftied  accordingly. 

'Experiment  5. 

When  the  infulated  Tin  Tube  is  not 
electrified,  bring  the  excited  Glafs  Tube 
towards  the  Middle  of  it,  fo  as  to  be  nearly 
at  Right  Angles  with  it,  and  the  Balls  at 
the  End  will  repel  each  other}  and  the 
more  fo,  as  the  excited  Tube  is  brought 
nearer.  When  it  has  been  held  a  few  Se¬ 
conds,  at  the  Diftance  of  about  fix  Inches, 
withdraw  it,  and  the  Balls  wdll  Approach 

each 
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each  other  till  they  touch ;  and  then  fepa- 
rating  again,  as  the  Tube  is  moved  farther 
olf,  will  continue  to  repel  when  it  is  taken 
quite  away.  And  this  Repulfion  between 
the  Balls  will  be  increafed  by  the  Approach 
of  excited  Glafs,  but  diminifhed  by  excited 
Wax;  jull  as  if  the  Apparatus  had  been 
electrified  by  Wax,  after  the  Manner  de- 
fcribed  in  the  third  Experiment. 

Experiment  6. 

Insulate  two  Tin  Tubes,  diftinguifhed 
by  A  and  B,  fo  as  to  be  in  a  Line  with 
each  other,  and  about  half  an  Inch  apart ; 
and  at  the  remote  End  of  each,  let  a  Pair 
of  Cork  Balls  be  fufpended.  Towards  the 
Middle  of  bring  the  excited  Glafs  T ube ; 
and  holding  it  a  fliort  time  at  the  Dif- 
tance  of  a  few  Inches,  each  Pair  of  Balls 
will  be  obferved  to  feparate:  Withdraw 
the  Tube,  and  the  Balls  of  A  will  com? 
together,  and  then  repel  each  other  again; 
but  thofe  of  B  will  hardly  be  affected.  By 
the  Approach  of  the  excited  Glafs  Tube, 
held  under  the  Balls  of  A,  their  Repulfion 
will  be  increafed:  But  if  the  Tube  be 
brought,  in  the  fame  Manner,  towards 
the  Balls  of  B,  their  Repulfion  will  be  di-* 
miniflied. 
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In  the  fifth  Experiment,  the  common 
Stock  of  electrical  Matter  in  the  Tin  Tube, 
is  fuppofed  to  be  attenuated  about  the 
Middle,  and  to  be  condenfed  at  the  Ends, 
by  the  repelling  Power  of  the  Atmofphere 
of  the  excited  Glafs  Tube,  when  held  near 
it.  And  perhaps  the  Tin  Tube  may  lofe 
fome  of  its  natural  Quantity  of  the  elec¬ 
trical  Fluid,  before  it  receives  any  from 
the  Glafs ;  as  that  Fluid  will  more  readily 
run  oft'  from  the  Ends  or  Edges  of  it, 
than  enter  at  the  Middle :  And  accordingly, 
when  the  Glafs  Tube  is  withdrawn,  and 
the  Fluid  is  again  equally  diftiifed  through 
the  Apparatus,  it  is  found  to  be  electrified 
negatively  :  For  excited  Glafs  brought  un¬ 
der  the  Balls  will  increafe  their  Repulfion. 

In  the  fixth  Experiment  Part  of  the 
Fluid  driven  out  of  one  Tin  Tube  enters 
the  other  5  which  is  found  to  be  electrified 
pofitively,  by  the  decreafing  of  the  Repul¬ 
fion  of  its  Balls,  at  the  Approach  of  ex¬ 
cited  Glafs. 

'Experiment  7. 

Let  the  Tin  Tube,  with  a  Pair  of  Balls 
at  one  End,  be  placed  three  Feet  at  leaft 
from  any  Part  of  the  Room,  and  the  Air 
rendered  very  dry  by  Means  of  a  Fire : 

Electrify 
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Electrify  the  Apparatus  to  a  confiderable 
Degree ;  then  touch  the  Tin  Tube  with  a 
I  Finger,  or  any  other  Conductor,  and  the 
Balls  will,  notwithflanding,  continue  to 
repel  each  other ;  though  not  at  fo  great 
a  Diftance  as  before. 

I  "  The  Air  furrounding  the  Apparatus  to 
the  Diftance  of  two  or  three  Feet,  is  fup- 
pofed  to  contain  more  or  lefs  of  the  elec¬ 
trical  Fire  than  its  common  Share,  as  the 
Tin  Tube  is  electrified  pofitively,  or  nega¬ 
tively  ;  and  when  very  dry,  may  not  part 
with  its  Overplus,  or  have  its  Deficiency 
fupplied  fo  fuddenly,  as  the  Tin  j  but  may 
continue  to  be  electrified,  after  that  has 
I  been  touched  for  a  confiderable  time. 

Experiment  8. 

Having  made  the  Torricellian  Vacuum 
about  five  Feet  long,  after  the  Manner 
defer! bed  in  the  Philofophical  TranfaBiojiSy 
Vol.  xlvii.  p.  370.  if  the  excited  Tube  be 
brought  within  a  fmall  Diftance  of  it,  a 
Light  will  be  feen  through  more  than  half 
its  Length  :  Which  foon  vaniflies,  if  the 
Tube  be  not  brought  nearer?  but  will  ap¬ 
pear  again,  as  that  is  moved  farther  olf. 
This  may  be  repeated  feveral  times,  with-, 
out  exciting  the  Tube  afrefh. 
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This  Experiment  may-  be  conficlered  as 
a  Kind  of  ocular  Demonftration  of  the 
Truth  of  Mr.  Franklins  Hypothefis j  that 
when  the  electrical  Fluid  is  condenfed  on 
one  Side  of  thin  Glafs,  it  will  be  repelled 
from  the  other,  if  it  meets  with  no  Re- 
fiftance.  According  to  which,  at  the  Ap¬ 
proach  of  the  excited  Tube,  the  Fire  is  fup- 
pofed  to  be  repelled  from  the  Infide  of  the 
Glafs  furrounding  the  Vacuum,  and  to  be 
carried  off  through  the  Columns  of  Mer¬ 
cury  j  but,  as  the  Tube  is  withdrawn,  the 
Fire  is  fuppofed  to  return. 

Fxperiment  9. 

Let  an' excited  Stick  of  Wax,  of  two 
Feet  and  an  half  in  Length,  and  about 
an  Inch  in  Diameter,  be  held  near  its 
Middle.  Excite  the  Glafs  Tube,  and  draw 
it  over  one  half  of  it ;  then,  turning  it  a 
little  about  its  Axis,  let  the  Tube  be  ex¬ 
cited  again,  and  drawn  ovei  the  fame 
half  j  and  let  this  Operation  be  repeated 
feveral  times :  Then  will  that  half  deftroy 
the  repelling  Power  of  Balls  electrified  by 
Glafs,  and  the  other  half  will  increafe  it. 

By' this  Experiment  it  appears,  that  Wax 
alfo  may  be  electrified  pofitively  and  nega¬ 
tively.  And  it  is  probable,  that  all  Bodies 
^  whatfoever 
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I  whatfoever  may  have  the  Quantity  they 
conta’m  of  the  ekaiical  Fluid,  increafecl, 
or  diminilhed.  The  Clouds,  I  have  ob- 
ferved,  by  a  great  Number  of  Experimaits, 
to  be  fome  in  a  pofitive,  and  others  in  a 
neo-ative  State  of  Ekaricity.  For  the 
tok  Balls,  ekarified  by  them,  will  fome- 
:  times  clok  at  the  Approach  of  excited 
I  Glafs  j  and  at  other  Times  be  feparated  to 
i  a  greater  Diftance.  And  this  Change  I 
I  have  known  to  happen  five  or  fix  Times 

I  in  kfi  than  half  an  Hour  j  the  Balls  com- 

1  ino"  together  each  Time,  and  lemaining 
in^Contaa  a  few  Seconds,  before  they  re- 
:  pel  each  other  again.  It  may  hkewife 

'  eafily  be  difcovered,  by  a  charged  Final, 

j  whether  the  ekarical  Fire  be  drawn  out 

i  of  the  Apparatus  by  a  negative  Cloud,  or 

I  forced  into  it  by  a  pofitive  one :  And  by 

I,  whichfoever  it  be  ekarified,  fliould  that 

I  Cloud  either  part  with  its  Overplus,  or 

i  have  its  Deficiency  fiipplied  Menly,  the 

Apparatus  will  lofe  its  Ekaricity :  Which 
is  frequently  obferved  to  be  the  Cafe,  im¬ 
mediately  after  a  Flafii  of  Lightning.  Yet 
when  the  Air  is  very  dry,  the  Apparatus 
will  continue  to  be  electrified  for  ten  IVU- 
nutes,  or  a  Quarter  of  an  Hour,  after  the 

Clouds  have  pafkd  the  Zenith  j  and  fome- 

times 
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times  till  they  appear  more  than  Half-way 
towards  the  Horizon.  Rain,  erpecially 
when  the  Drops  are  large,  generally  brings 
down  the  electrical  Fire :  And  Hail,  in 
Summer,  I  believe  never  fails.  When  the 
Apparatus  was  laft  electrified,  it  was  by 
the  Fall  of  thawing  Snow  j  which  hap¬ 
pened  fo  lately,  as  on  the  12th  of  Novem¬ 
ber  ;  that  being  the  twenty-fixth  Day,  and 
fixty-firft  Time,  it  has  been  electrified, 
fince  it  was  firfi:  fet  up;  which  was  about 
the  Middle  of  May.  And  as  Fahrenheit''^ 
Thermometer  was  but  feven  Degrees  above 
freezing,  it  is  fuppofed  the  Winter  will 
not  entirely  put  a  Stop  to  Obfervations  of 
this  Sort.  At  London^  no  more  than  two 
Thunder-Storms  have  happened  during  the 
whole  Summer  :  And  the  Apparatus  was 
fometimes  fo  ftrongly  electrified  in  One  of 
them,  that  the  Bells,  which  have  been  fre¬ 
quently  rung  by  the  Clouds,  fo  loud  as  to 
be  heard  In  every  Room  of  the  Houfe  (the 
Doors  being  open),  were  filenced  by  the 
almoft  conftant  Stream  of  denfe  electrical 
Fire,  between  each  Bell  and  the  Brafs  Ball, 
which  would  not  fuffer  it  to  ftrike. 

«  I  SHALL  conclude  this  Paper,  already  too 
long,  with  the  following  Queries  : 


I.  May 
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1.  May  not  Air,  fuddenly  rarefied,  give 
i  electrical  Fire  to,  and  Air  fuddenly  con- 
denfed,  receive  electrical  Fire  from,  Clouds 
i  and  Vapours  palling  through  it? 

2.  Is  not  the  Aum-a  Borealis y  the  Flalh- 
ing  of  electrical  Fire  from  pofitive,  towards 
negative  Clouds  at  a  great  Dillance,  thro’ 
the  upper  Part  of  the  Atmofphere,  where 
the  Refinance  is  leaft  ? 

‘I 

As  the  ingenious  Author  of  the  forego¬ 
ing  Paper  has  given  no  Plate  to  illuftrate 
thofe  Experiments  with  Figures  j  and  as 
he  has  fince  contrived  to  Ihew  them  in  a 
more  neat  and  elegant  Manner  by  Means  of 
Drmkmg-Gla[fes,  we  lhall  therefore  repre- 
f(?nt  the  Experiments  this  Way,  as  it  may 
I  be  eafily  practifed  by  any  private  Perfon 
for  his  own  Amufement.  Therefore,  in 
Fig.  I.  let  AB  and  CD  reprefent  twoPktel.to 
Pieces  of  Wood  about  fix  or  eight  Inches 
long,  half  an  Inch  wide,  and-rV  of  an  Inch 
thick  j  and  at  the  End  of  each,  let  two  fine 
Flaxen  Threads  be  fixed,  of  about  fix  Inches 
in  Length,  with  two  round  Balls  (about  the 
Size  of  a  white  Pea,  made  of  the  Pith  of 
Elder)  be  fufpended ;  then  if  the  excited 
Tube  be  brought  under  the  Balls  at  B,  they 
will  feparate,  and  repel  each  other,  while 
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the  Balls  hanging  from  CD  remain  in  Con¬ 
tact,  placed  at  a  Diftance  A  C  from  the 
other;  but  if,  while  the  Balls  at  B  are 
eleftrified,  the  Glafs  be  moved  fo  that  the 
Piece  of  V/ood  A  B  come  in  Contact  with 
the  Piece  CD,  then  the  Balls  at  B  will 
lofe  half  the  electric  Fluid,  which  will 
be  communicated  to  the  Balls  at  D,  and 
they  will  now  repel  each  other ;  and  the 
Diftance  between  the  Balls  at  B  and  D  will 
be  but  half  what  it  was  at  firft  between 
the  two  Balls  at  B.  This  Cafe  is  repre- 
fented  by  the  two  Pieces  of  Wood  at  E  F 
and  G  H. 

The  Pieces  of  Wood  at  I  K  and  L  M 
reprefent  the  Cafe  of  the  fixth  Experi¬ 
ment,  where  the  Balls  of  L'M  are  eledlri- 
fied  negatively,  and  thofe  of  I K  pofitively. 

This  Method  of  fupporting  the  Pieces  of 
Wood  wdth  the  Balls  on  Glaftes,  may  be 
applied  to  a  great  Variety  of  curious  Expe¬ 
riments,  with  regard  to  pofitive  and  nega¬ 
tive  Electrification,  under  all  the  different 
Circumftances  which  have  been  mentioned 
in  this  Paper,  and  in  thofe  that  follow  in 
the  next  by  the  fame  Author. 

The  Torricellian  Vacuum,  mentioned 
in  the  eighth  Experiment,  is  here  repre- 
fcnted  in  Figure  the  2d,  where  acb  repre- 

fents 
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!  fents  a  hollow  incurved  Tube  of  GlafSj 
whole  Heigth  ^  c  is  about  three  Feet.  This 
Tube  is  firfi:  filled  with  pure  Mercury,  and 
1  then  the  Orifice  of  each  Leg  is  inverted  hi 
two  fmall  Bafons  of  Mercury  a  b.  The 
Mercury  in  the  Tube  will  fubfide  from  the 
upper  Part  c  to  the  equal  Heigths  71  0  in 
each  Leg ;  then  will  there  be  a  Vacuum^ 
as  in  the  common  Barometer,  in  all  the 
upper  Part  of  the  Tube.  This  Tube  is 
then  fixed  in  the  Frame  A  B  C  D,  either 
I  hapfed  or  tied  on  with  Strings,  as  repre- 
fented  dg  efc,  which  Frame  is  faftened 
to  the  Side  of  the  Room.  If  now,  from 
the  prime  Conduclor  i  k,  a  Wire  or  Flaxen 
String  h  carry  the  electric  Matter  to  the 

iBafon  b,  it  will  run  through  the  Quick- 
Silver  into  the  vacuous  Part  of  the  Tube, 
and  produce  the  furprizing  Appearance  of 
a  Torrent  of  electrical  Fire  in  the  darkened 
Room,  which  will  continue  as  long  as  the 
electrical  Machine  is  in  Motion. 

The  3d  Figure  reprefents  a  tall  Glafs  Re- 
!  ceiver,  exhaufted  by  the  Air-Pump ;  and  a 
pointed  Wire  paffing  through  a  Cork  in 
the  Top  conducts  the  eleCtrical  Fluid  from 
the  Machine  to  this  Vacuum.  The  Ma¬ 
chine  being  put  in  Motion,  and  the  Room 
darkened,  the  SpeCfator  will  obferve  the 
VoL,  I.  F  Electricity 
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Electricity  defceiiding  from  the  Point  of  the 
Iron,  in  the  Appearance  of  a  liquid  Stream 
of  Fire,  of  a  pale  whitifh  hue,  like  Phojpbo-  ^ 
rus,  and  of  a  thick  Confiftence,  like  Cream ; 
which  plainly  fliew  that  the  electrical  Mat-  ; ; 
ter,  as  it  is  produced  from  common  Bo-  i 
dies,  is  of  a  very  different  Nature  from  ' 
the  Matter  of  common  Light  or  Fire,  as  r 
it  hath  a  very  different  Colour,  Smell,  and 
Confiftence  j  and  that  it  is  not  the  pure  | ; 
Matter  of  Light,  or  indeed  any  Thing 
fimilar  to  it,  is  evident  from  hence,  that  ; 
it  has  no  different  Refrangibility  in  its  : 
Rays,  which  is  the  well  known  Pro-  i 
perty  of  Light  j  and  therefore  upon  the  ‘ 
Whole  we  may  conclude,  that  if  Light-  'j' 
ning,  the  Aurora  Borealis,  &c.  be  the  Ef¬ 
fects  of  Electricity,  the  Matter  is  ftill  fup- 
plied  to  the  Clouds  and  the  upper  Regions 
of  the  Air  from  the  Earth  below,  in  the 
manner  as  Sir  Ifaac  Newton  has  taught  in 
his  Book  of  Optics,  and  which  we  have 
already  taken  Notice  of  in  the  firft  Part  of 
this  Lecture. 

Another  of  Mr.  Canton’s  Papers  is  con¬ 
tained  in  Number  XCIII.  Part  II.  of  the 
fame  Vol.  under  the  following  Title  : 
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A  Letter  to  the  Right  Honourable  the  Lari,  of 
Macclesfield,  Prejident  of  the  Royal  Society^ 
concerning  fome  new  eleBrical  Experiments, 
by  John  Canton,  M.  A,  and  F.  R.  S. 

My  Lord, 

S  Eleftricity,  fmce  the  Difcovery  of 


Jr\.  it  in  the  Clouds  and  Atmofphere,  is 
become  an  interefting  Subjed  to  Mankind  ; 
jour  Lordflrip  will  not  be  difplealed  with 
any  new  Experiments  or  Obfervations  that 
lead  to  a  farther  Acquaintance  with  its 
Nature  and  Properties. 

The  refmous  and  vitreous  Eledfricity  of 
Mr.  Du  Fay,  which  arofe  from  his  obferv- 
ing  Bodies  of  the  one  Clafs  to  attradl,  what 
thofe  of  the  other  would  repel,  when  each 
were  excited  by  Attrition,  received  no 
Light  till  the  Publication  of  the  fecond 
Part  of  Mr.  Franklins  Experiments  j  where¬ 
in  it  appears,  that  the  one  Kind  of  Bodies 
eleftrify  pofitively,  and  the  other  negative¬ 
ly  ;  that  excited  Glafs  throvv^s  out  the  elec¬ 
tric  Fire,  and  excited  Sulphur  drinks  it  in^ 
But  no  Reafon  has  yet  been  affigned,  why 
vitreous  Bodies  flrould  receive,  and  refmous 
Bodies  part  with  this  Fire,  by  rubbing  ' 
'  them.  Some  Perfons  indeed,  of  confide- 
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rable  Knov'yledge  in  thefe  Matters,  have 
fuppofed  the  Expanfion  of  Giafs,  when 
heated  by  Friction,  to  be  the  Caufe  of  its 
receiving  more  of  the  eledlric  Fluid  than 
its  natural  Share ;  but  this  Suppofition 
cannot  be  made  with  regard  to  Bodies  of 
the  other  Sort,  fuch  as  Sulphur,  oSealing- 
Wax,  &c,  which  part  with  it  when 
treated  in  the  fame  Manner.  The  follow¬ 
ing  Experiments,  firft  made  at  the  latter 
End  of  December  often  repeated 

hnce,  may  perhaps  call  new  Light  on  this 
difficult  Subjecf. 

Having  rubbed  a  Giafs  Tube  with  a 
Piece  of  thin  Sheet-lead  and  Flower  of 
Emery  mixt  with  Water,  till  its  Tranfpa- 
rency  was  entirely  deftroyed ;  after  mak¬ 
ing  it  perfectly  clean  and  dry,  I  excited  it 
with  new  Flannel,  and  found  it  act  in  all 
Refpects  like  excited  Sulphur  or  Sealing- 
Wax.  The  electric  Fire  feems  to  iffiue  from 
the  Knuckle,  or  End  of  the  Finger,  and 
to  fpread  itfelf  on  the  Surface  of  this  Tube, 
in  the  beautiful  Manner  reprefented  at 

Plate  II.  and  B  in  Fig.  i . 

If  this  rough  or  unpoliflied  Tube  be 
excited  by  a  Piece  of  dry  oiled  Silk  (efpe- 
cially  when  rubbed  over  with  a  little  Chalk 
or  Whiting),  it  will  act  like  a  Giafs  Tube 

with 
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[with  its  natural  Polifh.  And  in  this  Cafe, 
the  Fire  appears  only  at  the  Knuckle,  or 
I  End  of  the  Finger  ;  where  it  is  very  much 
condenfed  'before  it  enters  j  as  at  and  B 
jin  Fig.  2. 

But  if  the  rough  Tube  be  greafed  all 
lover  with  Tallow  from  a  Candle,  and  as 
Imuch  as  poilible  of  it  wiped  off  with  a 
I  Napkin,  then  the  oiled  Silk  will  receive  a 
Kind  of  Pohfh  by  rubbing  it,  and  after  a 
few  Strokes,  will  make  the  Tube  act  in  the 
fame  Manner  as  when  excited  at  firft  by 
Flannel. 

The  oiled  Silk,  when  covered  with 
Chalk  or  Whiting,  will  make  the  greafed 
rough  Tube  act  again  like  a  polifhed  one: 

I  But  if  the  Friction  be  continued  till  the 
Rubber  is  become  very  fmooth,  the  electric 
Power  Vv^ill  be  changed  to  that  of  Sulphur, 
Sealing-Wax,  &c. 

Thus  may  the  pofitive  and  negative 
Powers  of  Electricity  be  produced  at  Plea- 
*  fure,  by  altering  the  Surfaces  of  the  T ube 
and  Rubber ;  according  as  the  one  or 
other  is  moft  affected  by  the  Friction  be¬ 
tween  them  :  For  if  the  Polifh  be  taken 
■  off  one  Half  of  a  Tube,  the  different 
-  Powers  may  be  excited  with  the  fame  Rub- 
!  ber  at  a  fingle  Stroke.  And  the  Rubber  is 
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found  to  move  much  eafier  over  the  rough,  i 
than  over  the  polhhed  Part  of  it. 

That  polifhed  Glafs  electrifes  pofitively,  » 
and  rough  Glafs  rubbed  with  Flannel  ne-  : 
gatively,  feems  plain,  from  the  Appear¬ 
ance  of  the  Light  between  the  Knuckle,  ^ 
or  End  of  the  Finger,  and  the  refpective 
Tubes ;  but  yet  may  be  farther  confirmed  ^ 
by  obferving,  that  a  polilhed  Glafs  Tube, 
when  excited  by  fmooth  oiled  Silk,  if  the 
Hand  be  kept  at  leaft  three  Inches  from  ''  i 
the  Top  of  the  Rubber,  will  at  every  Stroke  \l 
appear  to  throw  out  a  great  Number "  ‘  j 
of  diverging  Pencils  of  .  electric  Fire,  as  ^ 
Plate  II.  in  Fig.  3 ;  but  not  one  was  ever  feen 
*  to  accompany  the  rubbing  of  Sulphur, 
Sealing-Wax,  nor  was  I  ever  able  to 
make  any  fenfible  Alteration  in  the  Air  of 
a  Room,  merely  by  the  Friction  of  thofe 
Bodies :  Whereas  the  Glafs  Tube,  when  ex-  . 
cited  fo  as  to  emit  Pencils,  will,  in  a  few 
Minutes,  electrify  the  Air  to  fuch  a  Degree,  ^, 
that  (after  the  Tube  is  carried  away)  a  Pair-Tl 
of  Balls,  about  the  Size  of  the  fmalleftlj 
Peas,  turned  out  of  Cork,  or  the  Pith  of 
Elder,  and  hung  to  a  Wire  by  Linen 
Threads  of  fix  Inches  long,  will  repel  each 
other  to  the  Diftance  of  an  Inch  and  an 
Half,  when  held  at  Arm’s-length  in  the 

Middle  il 
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Middle  of  the  Room.  But  their  Repulfion 
will  decreafc  as  they  are  moved  toward  the 
Floor,  Wainfcot,  or  any  of  the  Furniture  j 
and  they  will  touch  each  other  when 
brought  within  a  fraall  Diftance  of  any 
Condudlor.  Some  Degree  of  this  eledric 
Power  I  have  known  to  continue  in  the 
Air  above  an  Hour  after  the  Rubbing  of 
the  Tube,  when  the  Weather  has  been 
j  very  dry. 

The  Electricity  from  the  Clouds,  in  the 
I  open  Air,  may  be  difcovered  in  the  fame 
Manner,  if  the  Balls  are  held  at  a  fufficient 
Diftance  from  Buildings,  Trees,  as  I 
have  fcveral  Times  experienced,  by  a  Pair 
!  which  I  carry  in  a  fmall  narrow  Box  with 
a  Aiding  Cover,  (Fig.  4.)  fo  contrived  as  to^^^^® 
keep  their  Threads  ftraight,  and  that  they 
may  be  properly  fufpended,  when  let  fall 
out  of  it :  and  thefe  Balls  determine  whe¬ 
ther  the  Eledricity  of  the  Clouds  or  Air 
be  pofitive,  by  the  Decreafe  or  negative, 

•  by  the  Increafe  of  their  Repulfion,  at  the 
Approach  of  excited  Amber  or  Sealing- 
Wax. 

To  eledrify  the  Air,  or  Moifture  con¬ 
tained  in  it,  negatively  j  I  fupport  by  Silk, 
between  two  Chairs  placed  Back  to  Back 
at  the  Diftance  of  about  three  Feet,  a  Tin 
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Tube  with  a  fine  Sewing-needle  at  one 
End  of  it ;  and  rub  Sulphur,  Sealing-Wax,  i 
or  the  rough  Glafs  T ube,  as  near  as  1  can 
to  the  other  End,  for  three  or  four  Mi¬ 
nutes.  Then  will  the  Air  be  found  to  be 
negatively  eledricali  and  will  continue  fo 
a  confiderable  Time  after  the  Apparatus  ; 
is  removed  into  another  Room. 

The  Air  without- doors  I  have  fome- 
times  known  to  be  electrical  in  clear 
Weather  ;  but  never  at  Night,  except  when 
there  has  appeared  an  Aurora  Borealis^  and 
then  but  to  a  fmali  Degree,  which  I  have  i 
had  feveral  Opportunities  of  obferving  this  , 
Year.  How  far  pofitive  and  negative  Elec-  : 
tricity  in  the  Air,  with  a  proper  Quantity,. Itj 
of  Moifture  between,  to  ferve  as  a  Con-  [ij 
du6lor,  will  account  for  this,  and  other  Me-  1 
teors  fometimes  feen  in  a  fereneSky,  I  fhall  ' 
leave  to  the  Curious  in  this  Part  of  Natural 
Philofophy  to  determine.  That  dry  Air 
at  a  great  Diflance  from  the  Earth,  if  in  an 
eledtric  State,  will  continue  fo  till  it  meets, 
with  a  Condudfor,  feems  probable  from 
this  Experiment :  An  excited  Glafs  Tube 
with  its  natural  Polidi,  being  placed  up¬ 
right  in  the  Middle  of  a  Room,  by  put- 
ting  one  End  of  it  in  a  Plole  made  for  that  ' 
Purpofe  in  a  Block  of  Wood,  will  gene- 
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?*ally  lofe  its  Electricity  in  lefs  than  five 
Minutes,  by  attrafting  to  it  a  fufficient 
Quantity  of  Moifture,  to  conduct  the  elec¬ 
tric  Fluid  from  all  Parts  of  its  Surface  to 
the  Floor,  But  if,  immediately  after  it  is 
excited,  it  be  placed  in  the  fame  Manner 
before  a  good  Fire,  at  the  Diflance  of  about 
two  Feet,  where  no  Moillure  will  adhere 
to  its  Surface,  it  will  continue  electrical  a 
whole  Day ;  and  how  much  longer  I  know 
not.  It  may  not  be  improper  to  mention 
here,  that  if  a  folid  Cylinder  of  Glafs  be 
fet  before  the  Fire  till  quite  dry,  it  may  as 
eafily  be  excited  as  a  Glafs  Tube,  and  will 
act  like  one  in  every  Refpedf :  The  fir  ft 
Stroke  will  make  it  ftrongly  Electrical. 

In  a  Paper  I  laid  before  ‘CiXQ,Royal Society, 
on  the  6th  of  December  laft,  I  conjectured, 
that  the  Electricity  of  the  Atmofphere 
might  be  obferved  even  in  the  Winter; 
v^hich  I  have  fince  found  to  be  true:  P'or 
in  the  fucceeding  Months  of  January,  Fe¬ 
bruary,  and  March,  my  Apparatus  was 
electrified  no  lefs  than  twenty-five  Times, 
both  pofitively  and  negatively,  by  Snow, 
as  well  as  by  Hail  and  Rain;  and  to  al- 
moft  as  great  a  Degree  when  Fahrenheit's 
Thermnrneter  was  between  28  and  34,  as 
I  ever  knew  it  in  the  Summer,  except  in  a 
Thunder-Storm. 

I  SHALL 
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I  SHALL  be  glad,  if  thefe  Obfervatlons 
and  Experiments  may  engage  Perfons  of 
more  Leifure  and  fuperior  Abilities  P“' 
fue  this  Inquiry ;  as  it  is  highly  P'obable 
their  Refearches  would  be  rewarded  by 
many  ufeful  Difcoveries.  I  have  the  Ho- 

nour  to  be, 


My  Lord,  &c. 


PART  II. 


"The  Method  of  making  Artificial  [ 
Magnets. 

WE  have  already  intimated,  that 
Magnetifm  may  be  communicated 
by  many  different  W  ays  to  Bars  of  Iron,  ^ 
without  the  Touch  or  Ufe  of  real  Mag-  j 
netifm  ;  and  this  has  been  done  m  an  ex-  *  , 
traordinary  Manner  by  Mr.  Savory,  Mr.  1 
Lovelace,  Dr.  Knight,  Mr.  Mitchell,  Mr.;|., 
Canton,  and  others  at  home ;  alfotheMeffrs.  v  , 
Du  Hamel  and  Antheaume  at  France.  ButV  : 
though  the  Methods  taken  by  thofe  Gentle-  , 
men  are  different,  yet  the  Force  commuCj, , 
nicated  to  Steel  Bars,  properly  tempered,-/ 
is  nearly  the  fame  in  all ;  and  the  Methodh , 

of"?, I 
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of  fucceeding  beft  in  thefe  Cafes  is  generally 
deduced  from  a  great  Number  of  Experi¬ 
ments.  For  we  are  yet  too  little  acquaint¬ 
ed  with  Nature,  and  the  Laws  of  Mag- 
netifm,  to  reafon  directly,  or  a  priori^  con¬ 
cerning  its  Properties  j  and  as  the  ftrongeil 
artificial  Magnets  I  have  yet  feen  are  thofe 
made  by  Mr.  Canton^  I  fiiall  give  his  Paper 
directing  the  Method  of  making  them,  ' 
as  it  is  contained  in  N“  VI.  Vol.  XLVII. 
of  the  T’ranfaSiwiSy  under  the  following 
Title  ; 

% 

A  Method  of  making  artificial  Magnets  with¬ 
out  the  Ufe  of  natural  ones ;  communicated 
to  the  Royal  Society  by  John  Canton, 
M.  A.  and  F.  R.  S. 

PRocure  a  Dozen  Bars  j  fix  of  foft  Steel, 
each  three  Inches  Long,  one  Quarter  of 
an  Inch  broad,  and  one-twentieth  of  an  Inch 
thick,  with  two  Pieces  of  Iron,  each  Half 
the  Length  of  one  of  the  Bars,  but  of  the 
fame  Breadth  and  Thicknefs  j  and  fix  of 
hard  Steel,  each  five  Inches  and  an  Half 
long.  Half  an  Inch  broad,  and  three- 
twentieths  of  an  Inch  thick,  with  two 
Pieces  of  Iron  of  half  the  Length,  but  the 
whole  Breadth  and  Thicknefs  of  one  of 

the 
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the  hard  Bars ;  And  let  all  the  Bars  be 
marked  with  a  Line  quite  round  them  at 

one  End*  * 

Then  take  an  Iron  Poker  and  Tongs 

II.  rFk.  I.)  the  larger  they  are,  and  the 
longer  they  have  been  ui'ed,  the  bettei ; 
and  fixing  the  Poker  upright  between  the 
Knees,  hold  to  it  near  the  Top  one  of  the 
'  foft  Bars,  having  its  marked  End  down¬ 
ward,  by  a  Piece  of  fewing  Silk,  which 
muft  be  pulled  tight  with  the  left  Eland, 
that  the  Bar  may  not  hide:  Then  giafping 
the  Tongs  v\?ith  the  right  Eland  a  little  be¬ 
low  the  Middle,  and  holding  them  nearly  f 
in  a  vertical  Polition,  let  the  Bar  be  ftroked  j 
by  the  lower  End,  from  the  Bottom_  to  j 
the  Top,  about  ten  Times  on  each  Side, 

which  will  give  it  a  magnetic  Power  fufficient 

to  lift  a  fmall  Key  at  the  marked  End  : 
Which  End,  if  the  Bar  was  lufpended  on  ^ 
a  Point,  would  turn  toward  the  North,  . 
and  is  therefore  called  the  North  Pole,  and 
the  unmarked  End  is,  for  the  fame  Rea- 
fon  called  the  South  Pole  of  the  Bar. 

Four  of  the  foft  Bars  being  impregnated 
after  this  Manner,  lay  the  other  two  (Fig. 

2  1  parallel  to  each  other,  at  the  Diftance 
of  about  one-fourth  of  an  Inch,  Between 

■*  Or  two  Bars  of  Iron. 

the  l| 
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the  two  Pieces  of  Iron  belonging  to  them, 
and  a  North  and  South  Pole  againft  each 
Piece  of  Iron  :  Then  take  two  of  the  four 
Bars  already  made  magnetical,  and  place 
them  together,  fo  as  to  make  a  double  Bar  • 
in  Thicknefs,  the  North  Pole  of  one,  even 
with  the  South  Pole  of  the  other ;  and  the 
remaining  two  being  put  to  thefe,  one  on 
each  Side,  fo  as  to  have  two  North  and 
two  South  Poles  together,  feparate  the 
North  from  the  South  Poles  at  one  End 
by  a  large  Pin,  and  place  them  perpendi¬ 
cularly  with  that  End  downward,  on  the 
Middle  of  one  of  the  parallel  Bars,  the 
two  North  Poles  towards  its  South,'  and 
the  two  South  Poles  towards  its  North 
End:  Slide  them  backward  and  forward 
three  or  four  Times  the  whole  Length  of 
the  Bar,  and  removing  them  from  the 
Middle  of  this,  place  them  on  the  Middle 
of  the  otherBar,  as  before  diredfed,  and  go 
over  that  in  the  fame  Manner  ;  then  turn 
both  the  Bars  the  other  Side  upward,  and 
repeat  the  former  Operation  :  This  being 
done,  take  the  two  from  between  the 
Pieces  of  Iron,  and  placing  the  two  outer- 
moil  of  the  touching  Bars  in  their  lloom, 
let  the  other  two  be  the  outer  moll  of  the 
four  to  touch  thefe  with :  And  this  Procefs 

being 
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being  repeated  till  each  Pair  of  Bars  have 
been  touched  three  or  four  Times  over, 
which  will  give  them  a  confiderable  mag¬ 
netic  Power,  put  the  half  dozen  together  i 
after  the  Manner  of  the  four  (Fig^  3.)  rj 
and  touch  with  them  two  Pair  of  the  hard 
Bars,  placed  between  their  Irons,  at  the 
Diftance  of  about  half  an  Inch  from  each  j 
other :  Then  lay  the  foft  Bars  ahde  j  and  ?  1 
with  the  four  hard  ones  let  the  other  two 
be  impregnated  (Fig.  4.)  holding  the  touch- " 
ing  Bars  apart  at  the  lower  End  near  two 
tenths  of  an  Inch,  to  which  Diftance  let 
them  be  feparated  after  they  are  fet  on  the 
parallel  Bar,  and  brought  together  again 
before  they  are  taken  off :  This  being  ob-  | 
ferved,  proceed  according  to  the  Method  ■ 
defcribed  above,  till  each  Pair  have  been  | 
touched  two  or  three  Times  over.  But  as  ^ 
this  vertical  Way  of  touching  a  Bar  will  ^ 
not  give  it  quite  fo  much  of  the  magnetic  | 
Virtue  as  it  will  receive,  let  each  Pair  bej 
now  touched  once  or  twice  over  in  their* 
parallel Pofition  between  the  Irons  (Fig.  5.) 
with  two  of  the  Bars  held  horizontally^*' 
or  nearly  fo,  by  drawing  at  the  fame  Time 
the  North  of  one  from  the  Middle  over 
the  South  End,  and  the  South  of  the  other* 
from  the  Middle  over  the  North  End  of  d 

parallel 
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parallel  Bar;  then  bringing  them  to  the 
Middle  again  without  touching  the  paral¬ 
lel  Bar,  give  three  or  four  of  thefe  hori¬ 
zontal  Strokes  to  each  Side.  The  hori¬ 
zontal  Touch,  after  the  vertical,  will  make 
the  Bars  as  flrong  as  they  can  pofiibly  be 
made :  As  appears  by  their  not  receiving 
any  additional  Strength,  when  the  vertical 
Touch  is  given  by  a  greater  Number  of 
Bars,  and  the  horizontal  by  thofe  of  a 
fuperior  magnetic  Power.  This  whole 
Procefs  may  be  gone  through  in  about  half 
an  Hour,  and  each  of  the  larger  Bars,  if 
well-hardened  may  be  made  to  lift 
twenty-eight  Troy  Ounces,  and  fometimes 
more.  And  when  thefe  Bars  are  thus  im¬ 
pregnated,  they  will  give  to  an  hard  Bar  of 
the  fame  Size,  its  full  Virtue  in  lefs  than 

*  The  Smith’s  Manner  of  hardening  Steel,  whom  I 
have  chiefly  employed,  and  whofe  Bars  have  conftantly 
proved  better  than  any  I  could  meet  with  befide,  is  as 
follows:  Having  cut  a  fufficient  Quantity  of  the  Leather 
of  old  Shoes  into  veryfmall  Pieces,  he  provides  an  Iron 
Pan,  a  little  exceeding  the  Length  of  a  Bar,  wide  enough 
I  to  lay  two  Side  by  Side  without  touching  each  other  or 
the  Pan,  and  at  leaft  an  Inch  deep.  This  Pan  he 
!  nearly  half-fills  with  the  Bits  of  Leather,  upon  which 
he  lays  the  two  Bars,  having  faftened  to  the  End  of  each 
a  final!  Wire  to  take  them  out  by  :  He  then  quite  fills 
the  fan  with  the  Leather,  and  places  it  on  a  gentle  flat 
I  Fire,  covering  and  furrounding  it  with  Charcoal.  The 
1  Pan  being  brought  to  lomewhat  more  than  a  red  heat,  he 
keeps  it  fo  about  halt  an  Hour,  and  then  fuddenly 
i  quenches  the  Bars  in  a  large  Quantity  of  cold  Water. 

two 
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two  Minutes :  And  therefore  will  anfwef 
all  the  pLirpofes  of  Magnetifm  in  Naviga¬ 
tion  and  experimental  Philofophy,  much 
better  than  the  Loadftone,  which  is  well 
known  not  to  have  fufficient  power  to  im¬ 
pregnate  hard  Bars.  The  half  dozen  being 
put  into  a  Cafe  (Fig.  6.)  in  fuch  a  Manner, 
as  that  two  Poles  of  the  fame  Denomination 
may  not  be  together,  and  their  Irons  with 
them  as  one  Bar,  they  will  retain  the  Vir¬ 
tue  they  have  received  :  But  if  their  Power 
fhould,  by  making  Experiments,  be  ever 
fo  far  impaired,  it  may  be  reftored  with¬ 
out  any  foreign  Affiftance  in  few  IVIinutes. 
And  if,  out  of  Curiofity,  a  much  larger 
Set  of  Bars  fhould  be  required,  thefe  will 
communicate  to  them  a  fufficient  Povvei 
to  proceed  with,  and  they  may  in  a  fhort 
Time,  by  the  fame  Method,  be  brought 
to  their  full  Strength. 
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. Of  the  AttraBmi  ^Gravitation. 


L  E  C  T  U  R  E  II. 

pf  the  Attraction  of  Gravitation^  and 
its  Laws.  Cy’ Motion  a?id  Rest,  abfo- 
\  lute  and  relative ;  equable,  accelerated,  and 
retarded  Motion.  Of  the  Spaces,  Limes, 

I  and  Velocities  Bodies  in  Motion.  Of 
the  Collision  ^Bodies  Elajiic  and  Non- 
Elajiic.  Of  the  Momentum  or  Force 
:  of  Striking  Bodies.  Of  the  Laws 
j  of  Motion.  Of  the  Composition 
;  and  Resolution  of  Motion.  Of 
'  Action  <2;?^  Re-action.  De¬ 

scent  of  heavy  Bodies,  Of  the  Descent 
of  Bodies  on  the  inclined  Planes,  Of  the 
Doctrine  ^/Pendulums.  Of  the  Cy- 
:  CLoiD,  its  Properties  amd  Use  ;  the 
Curve  of  quickef  Defcent.  'Of  the  Centre 
of  Oscillation  and  Percussion.  The 
'  various  XJfes  of  the  Pendulum,  as  a 
Chronometer,  ^c.  Of  a  new  conjiruc- 
Pyrometer,  and  the  Exeansion  of 
Metaline  Bodies.  Of  the  Doctrine 
I  ?/  Projectiles,  or  Art  of  Gunnery. 

Of  Central  Forces,  and  the  various 
I  Laws  and  Properties  of  that  Sort  of  Mo- 
:  ^  tion. 


§2  OJ the  AttraSimt  of  hrion, 

tion.  Of  the  Gaieral  Lazv  of  the 

tary  Motions.  Of  the  Figure  of  tie  I 
Earth,  and  how  determined.  _  : 

ri^FIE  Fourth  and  laji  Species  of  Attrac- 
I  .  tion  is  that  of  Gravitation,  j 
which  is  evident  only  between  fj 
large  Bodies,  as  the  Earth  and  Moon,  the  \ 
Sun  and  its  Planetary  Attendants.  The  f.. 
Laws  of  this  Attraction  are  as  follows,  i 
Az.  ( I . )  It  is  common  to  all  Bodies,  and  ,  J 
mutual  between  them.  (2.)  It  is  propor-  ’ 
tional  to  the  Quantity  of  Matter  in  Bodies. 
(3.)  It  is  exerted  every  way  from  the  • 
Centre  of  the  attracting  Body  in  Right-  J 
lined  Direaions.  (4.)  It  decreafes  as  the 
Plate  in.  Squares  of  the  Diftances  increafe ;  That  is,  i| 
pjg  2-  if  a  Body  at  A,  on  the  Earth’s  Surface, 
diftant  one  Semidtameter  from  the  Centie  C,  j 
weighs  3600  Pounds,  it  will  at  the  Diftance  1 
of  2,  3,  4,  5,  6,  Semidiameters  weigh  900, 
400,  225,  145,  100 Pounds;  which Num-  ■ 
bers  decreafe  as  the  Squares  of  theDiftan-. ! 
ces4,  9,  16,  25,  36,  increafe  (XVI).'  .  _ 

(XVI.)  I.  Though  we  reckon  this  Species  of  At-: 
traftion  different  from  that  of  Cohefion,  yet  when  weU 
confider’d,it  may  be  found  perhaps  to  differno  otherwife... 
than  as  the  Whole  frcrn  the  Parts for  the  Gravity  of; 
large  Bodies  may  be  only  theRefultor  Aggregate  of  the  ! 
particular  Powers  of  the  conftltuent  Particles,  which 
fingly  aft  only  upon-CohtaiSf  .and  in  Imall  Diftances;but 

Hence 


Of  the  AttraBio?2  (^GRAviTATibi^. 

Hence  we  learn  that  all  Bodies  ha/e 
Weight,  or  are  hea^oy  and  that  there  is 
I  no  fuch  Thing  as  abfolute  Levity  in  I^a- 
ture  j  and  by  the  feccnd  Law,  the  Weight 
of  all  Bodies  is  proportional  to  the  Quan- 
tity  of  Matter  they  contain ;  and  hence, 
fince  Bodies  of  equal  Bulks  are  found  to 
have  unequal  Quantities  of  Matter,  it  e- 
1  vidently  follows,  that  a  Vacuum,  or 
i  Space  void  of  Matter,  mull:  neceffarily 
1  cxift,  and  that  an  abfolute  Plenum  is  a 


iwith  their  joint  P^orces,  in  vaft  Quantities,  produce  a 
mighty  Power,  whofe  Efficacy  extends  to  very  great 
Diftances,  proportional  to  the  Magnitude  of  Bodies. 

2<  This  Force  of  Gravity  is,  to  Senfe,  the  fame  for 
any  Diftances  near  the  Earth’s  Surface  ;  fince  a  fmall 
Diftance  nom  the  Surface  of  the  Earth  does  not  fenfibly 
alter  the  Diltance  from  the  Centre,  which  is  near  40OQ 
Miles:  At  the  Height  therefore  of  one  Mile,  for  In- 
Itance,  the  Diftances  from  the  Centre  will  be  as  the 
Numbers  4000  to  4001,  and  the  Powers  of  Gravity  in- 
rerfely  as  their  Squares,  wz.  as  i6oc8ooi  to  1600CCO0, 
or  as  1 6oc8  to  160C0,  which  are  fo  near  an  Equality  as 
lot  to  be  fenfibly  different  from  each  other. 

3.  But  when  the  Diftance  is  fo  great  as  to  caufe  a 
Jifproportion  between  that  and  the  Semidiameter  of  the 
taith,  then  will  the'Power  of  Gravity  decreafe  very  fenfi- 
)ly,  according  to  the  Law  above  laid  down  :  Thus  at  the 
Diftance  of  the  Moon,  which  is,  at  a  Mean,  about  60 
lemidiameters  of  the  Barth,  the  Power  of  Gravity  is  to 
hat  on  the  Earth’s  Surface  as  i  to  3600,  as  will  be 
hewn  under  the  Article  of  f.nrs  with  Efficient 

lemonltration. 
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Of  the  AttraBmt  of  Gravitation.  ^ 

Doctrine  unplnlofopiiicRl,  Riid  ec^Ucilly  faife 
and  abfurd  (XVII). 


(XVII. ■)  I .  Since  there  Is  no  Sort  of  Matter  that  we 
have  any  Knowledge  of  but  what  will  gravitate,  to  fup- 
poP>  there  Is  any  Sort  that  will  not,  is  aibitrary,  and 
contrary  to  the  Rules  of  Philofophizing,  and  all  found 
Reafoning ;  by  which  we  are  confined  to  the  Phaeno- 
mena  of  real,  and  not  imaginary  Exiftence.  , 

^  The  Weight  or  Quantity  of  Matter  in  Bodies  rnay 
be  exprefs’d  by  their  Bulks  multiplied  by  their  Denfities. 
By  the  Density  of  a  Body  is  meant  the  greater  orleffer 
Quantity  of  Matter  under  the  fame  Bulk  ;  and  therefoe 
tlTe  Denfitv  (D)  of  aPy  Body  A,  is  to  the  Denfity  (D) 
of  any  other  fiody  B  of  equal  Bulk,  as  the  .Qpamity  of 
Matter  (M)  in  the  former  is  to  the  Quantity  of  Matter 
(7/2)  in  the  latter.  That  is,  D  :  :  M  j  ‘.  Dm 

=DM. 


•2.  But  if  the  Bulks  are  unequal,  and  the  (^antities( 
of  Matter  the  fame,  or  equal  in  any  two  Bodies  B  aM  ij 
C  •  then  will  the  Denfity  (D)  of  the  Body'B  be  to  the; 
Denfity  {d)  of  the  Body  C,  as  the  Bulk  (b)  of  the  latter, 
to  the  Bulk  (B)  of  the  former ;  viz.  D  :d‘.\b‘.n» 
.-.DB^dh. 

db  D  m 

4.  Hence  D=B  =^“Vr;  3"^  1°  Mdb=m'?>D\  and 
confequently  M  :  777  :  :  BD  :  that  is.  The  ^antity 


rf^Ur  ii  an; t^Aodles  A  and  C,  M  differ  /r 
Bulk  and  Weight,  are  to  each  other  as  the  ProduHs  of  the 
Denraies  by  their  Bulks,  as  was  alove  aferted. 

e.  Hence  alfo  in  fuch  Bodies,  D:d:‘.M.h  :  wB  J* 
that  is,  the  Dtnftties  of  the  two  Bodies  A  and  C  are  direR< 
ly  as  the  ^iantities  of  Matter,  and  tnverfely  as  then 

Laftly,  The  Bulks  or  Magnitudes  of  two  Bodies  ^ 
andC  are  dir  e£i'y  as  their  ^anlifes  of  Matter  or 
and  inverjely  as  their  Denfities  5  for  we  have  B  :  ^ 

*  ^”?What  has  been  hitherto  faid  relates  tothe  abfolut 

Weight  of  Bodies  5  but  when  the  Weight  or  Gravitie 
®  A  T  cn 


j  Of  the  AttraShiott  Gravitation. 

Also,  from  the  third  Law  it  follows, 
that  all  Bodies  defcending  freely  by  their 
Gravity  tend  towards  the  Earth  in  Right 
i  Lines  perpendicular  to  its  Surface  j  and 
with  equal  Velocities,  (abating  for  the  Re- 
i  fidance  of  the  Air)  as  is  evident  by  the  fe- 
cond  Law  above,  and  what  will  immediate¬ 
ly  follow  in  Mechanics  (XVIII.) 

of  Bodies  of  equal  Bulk  are  confidered  and  compared 
together,  they  are  then  called  the  Relative  Weights  or 
Specific  Gravities  of  thofe  Bodies,  ahd  fince  they  are 
likewife  proportional  to  the  Quantities  of  Matter,  ’tis 
evident,  that  the  Denftties  and'SpedJic  Gravities  are  pro- 
portional  to  each  other y  in  all  Bodies  j  and  therefore  what 
has  been  faid  of  the  one  is  equally  applicable  to  the  other. 

8.  As  a  Corollary  to  this  Article,  we  may  obferve 
with  Sir  Ifaac  Newton,  that  all  Space  cannot  be  fill’d 
with  Matter,  as  the  Plenijis  alTert,  but  that  there  muft 
neceflarily  be  V acuities  or  Interftices  void  of  Matter  in 
the  Gompofition  of  natural  Bodies  ;  for  if  there  w'ere 

Snot,  then  Bodies  of  equal  Bulk  would  ever  be  of  the 
fame  Weight  and  Denfity,  or,  in  other  Words,  the 
Denfity  and  Specific  Gravity  of  Cork  or  Air  would  be 
the  fame  with  that  of  ^ickfilver  or  Gold.  And  ’tis 
I  furprizing  to  think,  that  fuch  Abfurdities  are  not  grofs 
enough  to  be  heeded  by  thofe  who  helitate  about  a  Va- 
cuum 

j  (XVIII.)  The  Reafon  why  all  Bodies  defcend  Vt^ith 
;  an  equal  Velocity  towards  the  Centre  of  the  Earth  {in 
:  Vacuo)  is  becaufe  the  Force  of  Gravity  in  each  is  pro- 
I  portional  to  the  Quantity  of  Matter,  or  Number  of  Parti¬ 
cles  only,  independent  of  any  other  Circumftance  orCon- 
1,  fideration  whatfoever.  Thus  fuppofe  the  Body  A  has  only 
one  Particle  of  Matter,  and  the  Body  Bconfills  ofonehun- 
drcdjthen  will  the  Force  of  Gravity  in  A  be  to  that  in  B  as 
I  to  too  ;  and  therefore  the  Force  acting  on  each  fingie 
Particle  in  B  is  but  t'-o  of  whole  Force,  and  confe- 

G  3  Again  :  . 
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Again  :  Since  the  Attraclion  is  always 
direaiy  as  the  Quantity  of  Matter,  and  in- 
verfely  as  the  Square  of  the  Diftance,  it 
follows,  that  were  the  internal  Parts  of 
the  Earth  a  perfect  Void,  or  hollow  Con-  r' 
cavity,  a  Body  placed  any  where  therein  • 
would  be  abfolutely  light,  or  void  of  Gra-  , 
vity  ;  but  fuppofing  the  Earth  a  folid  Bo-  4 
dy  throughout,  the  Gravity  from  the  Sur-  j 
face  to  the  Centre  will  decreafe  with  the,  ' 
Diftance,  or  it  will  be  diredly  proportio- ' 
nal  to  the  Diftance  from  the  Centre  (XIX).  1 

quently  is  but  equal  to  the  Force  afting  on  the  fingle 
Particle  A  ;  fince  then  each  fingle  Particle  in  B  is  aaed  j 
upon  with  the  fame  Force  as  the  Particle  A,  the  Velo^  !| 
cities  in  each  muft  be  equal ;  that  is,  each  Particle  in  i 
the  Body  B,  (and  therefore  the  whole  Body)  muft  de- 
fcend  with  an  equal  Velocity  with  that  of  A.  This  i 
would  be  eafy  to  conceive,  if  the  Particles  in  the  Body  i 
B  were  to  fall  feparate  ;  and  I  think  ’tis  as  eafy  to  un-  , 
derftand  that  their  Connexion  or  Cchefion  can  no  ways  j 
contribute  to  the  Acceleration  of  their  Motion,  which  j 
is  entirely  the  EfFed  of  the  attrafting  Force  of  the  Earth,  .| 
(XIX.)  I.  For  Illuftration,  fuppofe  ABC  be  the 
Plate  II,  outward  Shell  or  Cruft,  and  all  the  internal  Parts  of  the  ! 

Fig.  4-  Earth  an  hollow  SpaceorCQncavity,in  which  fuppofe ^any  i 

Body  as  R,  to  be  placed  in  any  Part  whatfoever ;  thro’  the  ij 
Centre  of  the  faid  Body  let  there  be  drawn  the  Lines  ad  ' 
and  be,  which  by  their  Revolution  would  deferibe  Cones, 
whofe  Bafes  ah,  and  cd,  in  the  fpherical  Superficies,  are  '  i 
in  proportion  to  each  other  as  the  Squares  of  the  Diftan- 
ces  from  R  refpecfivcly.  Now  the  Particle  R  is  attrac-  i 
ted  by  the  Particles  in  thofe  two  Bafes  with  an  equal 
Force  ;  for  the  Force  is  as  the  Square  of  the  Diftance 
of  the  Bafes  inverfely,  and  as  the  Number  of  Particles 

Having 
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Having  premifed  the  necefiary  Prc^cog- 
nitato  the  Science  of  Mechanics,  which 


in  each  Bate  diredly,  which  Number  of  Particles  is  as 
the  Square  of  the  Diftance  from  the  Particle  diredlly. 

But  this  dire£l  and  inverje  Ratio  of  the  P'orces  makes  a 
Ratio  of  Equality;  that  is,  the  Forces  on  each  S  de  are 
equal,  and  being  in  contrary  Diredfions  they  deftroy 
each  other  ;  and  this  being  the  Cafe  in  any  other  Part 
of  the  Concave  Superficies,  ’tis  evident  the  Body  R  can¬ 
not  be  impell’d  towards  any  Part,  but  will  retain  itsPo- 
fition  as  if  not  aftedted  by  Gravity  at  all. 

2.  The  Forces  with  which  a  Body  will  be  attradfed 
on  the  Surface  of  two  Spheres  of  the  fame  Denfity,  but 
unequal  Bulks,  will  be  dv  eSlly  as  the  Diameters  of  the 
Spheres.  For  the  Force  (f)  of  the  lelTer  Sphere  ABC 
will  be  to  the  Force  (F)  of  the  greater  DEF  inverfely  p.. 
as  the  Squares  of  the  Diameter  (rC)  of  the  lelfer  to  the  ^ 
Square  of  the  Diameter  (D’)  of  the  greater  ;  that  is, 


f;  F 


■  "dd  DD. 


Note,  This  is  fo  becaufe  the  Forces  are 


inverfely  as  the  Squares  of  the  Diflances  from  the  CentreSy 
which  are  equal  to  half  the  Diameters. 

3.  Again  ;  The  Forces  are  as  the  Number  of  attradl- 
ing  Particles,  which  are  as  the  Bulks  or  Magnitudes 
of  the  Spheres,  which  are  as  the  Cubes  of  the  Diameter; 
therefore  alfo  f  :  F  :  :  r/*  ;  D^ ;  whence  both  thefe 

d^  D^ 

Ratio’s  compounded  give  f  :  F :  :  —  ;  ■  d  \  D  ; 


or,  the  Forces  of  Attradiion  are  in  proportion  to  the  Dia¬ 
meters  of  the  Spheres  diredlly. 

4.  Hence  it  follows,  that  were  there  a  Perforation 
made,  and  a  Body  to  defeend  therein  from  the  Surface 
of  the  Earth  to  the  Centre,  its  Gravity  would  always 
decreafe  with  the  Diftance  from  the  Centre  ;  becaufe  in 
every  Place  it  might  be  confider’d  as  on  that  Surface  of 
a  Sphere  whofe  Diameter  is  equal  to  twice  the  Diftance 
from  the  Centre,  and  which  is  proportional  to  the 
Sphere’s  Attradfion  ;  the  Parts  of  the  Earth  above  the 
Body  being  only  Part  of  a  Spherical  Shell,  which  has 
no  EfFedl  on  the  Body,  as  was  Ihewn  above , 

G  4  entirely 
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entirely  depends  on  the  Principle  of  Gra¬ 
vitation,  we  come  immediately  to  confider 
the  Objedt  thereof,  the  Nature,  Kinds, 
and  various  AffeBions  of  Motion,  and  mov¬ 
ing  Bodies ;  and  the  Structure  and  Media-  ^ 
nifm  of  all  Kinds  of  Machines,  commonly-  ^ 
call’d  Mechanical  Powers,  whether  Siniple'  J 
or  Compound.  -  i 

MOTION  is  the  continual  and  fuccef-  , 
five  Change  of  Space,  and  is  either  Abfolute 
or  Relative.  Abfolute  Motion  is  the  Change  j 
of  Abfolute  Space  or  Place  of  Bodies,  as  the  i 
Flight  of  a  Bird,  the  Motion  of  a  Projec-  ^ 
tile,  &c.  But  Relative  Motion  is  the  Change  , 
of  Relative  Space,  or  that  which  has  Re-  | 
ference  to  forae  other  Bodies  :  As  of  two 
Ships  under  Sail,  the  Difference  of  their  ^ 
Velocities  is  the  Relative  Motion  of  the  Ship  j 
failing  fafteft  ;  and  is  that  alone  which  is  V 
difcernible  by  us.  The  fame  is  to  be  un-  i 
derftood  of  Abfolute  and  Relative  Ref  (XX).  j 

(XX.)  To  make  this  Matter  yet  plainer,  we  are  to  I 
confider  that  Space  is  nothing  elfe  but  an  abfolute  and  ' 
infinite  Void  ;  and  that  the  Place  of  a  Body  is  thatPart  'J 
of  the  immenfeVoid  which  it  takes  up  or  poffelTes  ;  and  . 
that  Place  may  be  confider’d  either  abfolutely,  or  in  it- 
lelf  alone,  and  then  it  is  call’d  the  Alfolate  Place  of  the 
Body  ;  or  elfe  with  Regard  to  the  Place  of  fome  other 
Body,  and  then  it  is  call’d  the  Relative  or  Apparent  Place  1 

of  Bodies.  1 


Again  : 
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'  Again  :  Motion  is  either  Equable  or 
celerated.  Equable  Motion  is  that  by  whicii 

2.  Now  as  Motion  is  only  the  Change  of  Place  in 
Bodies,  ’tis  evident  that  will  come  under  the  fame  Dif- 
tinciion  of  Abfolute^  and  Relative  or  Apparent.  All  Mo¬ 
tion  is  in  \tk\t  Abjobitey  or  the  Change  of  Abfolute  Space; 
but  when  the  Motions  of  Bodies  are  confider’d  and 
compared  with  each  other,  then  are  they  Relative  and 
Apparent  only  ;  they  are  Relative.^  as  they  are  compared 
with  each  other  ■,  and  they  are  Apparent  only,  inafmuch 
as  not  their  true  or  abfolute  Motion-^  but  the  Sum  or  Dif¬ 
ference  of  the  Motions  only  is  perceivable  by  us. 

3.  In  comparing  the  Motions  of  Bodies,  we  may 
confider  them  as  moving  both  the  fame  way,  or  towards 
contrary  Parts ;  in  the  firft  Cafe  the  Difference  of  the 
Motions  x?,  only  perceived  by  us,  in  the  latter  the  Sum  of 
the  Motions.  Thus  for  Example ;  fuppofe  two  Ships, 
A  and  B,  fet  fail  from  the  fame  Port  upon  the  fame 
Rhumb,  and  that  A  fails  at  the  Rate  of  live  Miles 
Hour,  and  B  at  the  Rate  of  three  ;  here  the  Difference 
of  the  Velocities  {vi%.  two  Miles  per  Hour)  is  that 
by  which  the  Ship  A  will  appear  to  go  from  the  Ship  B 
forwards,  or  the  Ship  B  will  appear  at  A  to  go  with  the 
fame  Velocity  backwards,  to  a  Spedlator  in  either  re- 
fpedlively. 

4.  If  the  two  Ships  A  and  B  move  with  the  fame  De¬ 
gree  of  Velocity,  then  will  the  Difference  be  nothing', 
and  fo  neither  Ship  will  appear  to  the  other  to  move  at 
all.  ^  Hence  it  is,  that  tho’  the  Earth  is  continually  re¬ 
volving  about  its  Axis,  yet  as  all  Objects  on  its  Surface 
partake  of  the  fame  common  Motion,  they  appear  not 
to  move  at  all,  but  are  relatively  at  Reft. 

5>  If  the  two  Ships  A  and  B,  with  the  Degrees  of 
Velocity  as  above,  meet  each  other ;  the  one  will  ap¬ 
pear  to  a  Spedfator  in  the  other  to  move  with  the  Sum  of 
both  Velocities,  viz.  at  the  Rate  of  eight  Miles  perUoxir  ; 
lb  that  in  this  cafe  the  Apparent  Motion  exceeds  the  Erue^ 
as  in  the  other  it  fell  fhort  of  ft.  Hence  the  Reafon 
\Vhy  a  Perfon  riding  againjl  the  Wind  finds  the  Force  of 

a  Body 


1 


Mechanics. 
a  Body  pafTes  over  equal  Spaces  in  equal 
Times.  Accelerated  Motion  is  that  which 
is  continually  augmented  or  increafed  j  as 
Retarded  Motion  is  that  which  continually 
decreafes :  And  if  the  Increafe  or  Decreafe. 
of  Motion  be  equal  in  equal  Times,  the  i 
Motion  is  then  faid  to  be  equably  accelerated 
or  retarded  (XXI).  I 

it  much  greater  than  It  really  is,  whereas  if  he  rides 
wiih  ity  he  finds  itlefs.  r  ' 

Scholium.  * 

6,  The  Reafon  of  all  thefe  dilFerent  Phaenomena  of 
Motion  will  be  evident  if  we  only  confider,  that  we  muft 
be  abfolutely  at  Reft,  if  we  would  difcern  the  true  or 
real  Motion  of  Bodies  about  us.  Thus  a  Perfon  on  the 
Strand  will  obferve  the  Ships  failing  with  their  real  Ve-  , 
locity ;  a  Perfon  ftanding  ftill  will  experience  the  true  ° 
Strength  and  Velocity  of  the  Wind  ;  and  a  Perfon  pla¬ 
ced  in  the  Regions  between  the  Planets  will  view  all  their  ^ 
true  Motions;  which  he  cannot  otherwife  do,  becaufe 
in  all  other  Cafes  the  Spedlator’s  own  Motion  muft  be 
added  to,  or  fubdudled  from,  that  of  the  moving  Body  j 
and  the  Sum  or  Difference  is  therefore  the  Apparent  or  J 
Relative  Motion,  and  not  the  True. 

(XXL)  I.  Equable  Motion  is  generated  by  a  fingle  i 
Impetus  or  Stroke  ;  thus  the  Motion  of  a  Ball  from  a  J 
Cannon  is  produced  by  the  fingle  Adlion  of  the  J 
Powder  in  the  firff  Moment,  and  therefore  the  Ve¬ 
locity  it  firft  fets  out  with  would  always  continue  the 
fame,  were  it  void  of  Gravity,  and  to  move  in  an  un-  J 
refifting  Medium,  which  therefore  would  be  always  ^ 
equable,  or  fuch  as  w'ould  carry  it  through  the  fame 
Length  of  Space  iq  every  equal  Part  of  Time. 

2.  Aculerated  Motion  is  produced  by  a  conftant  Im- 
pulfe,  or  Power  which  keeps  continually  adling  upon 
the  Body,  as  thatof  Gravity, which  produces  the  Motion 
of  Falling  Bodies,  which  Sort  of  Motion  is  conftantly  acce- 

The 


The  Celerity  ox  Velocity  of  Motion  is  that 
Affeftion  by  which  a  Body  palfes  over  a 
given  Space  in  a  given  'Vime,  or  what  we 

lerated,  becaufe  Gravity  every  Moment  adds  a  new 
Impulfe,  which  generates  a  new  Degree  of  Velocity  ; 
and  the  Velocity  thus  increaling  the  Motion  muft  be 
quicken’d  each  Moment,  or  fall  fafter  and  falter  the 
longer  it  falls. 

3.  In  like  Manner,  a  Body  thrown  perpendicularly 
upward,  as  a  Ball  from  a  Cannon,  will  have  its  Motion 
continually  retarded^  becaufe  Gravity  acSts  conftantly  up¬ 
on  it  in  a  Direction  contrary  to  that  given  it  by  the 
Powder,  fo  that  its  Velocity  upwards  muft  be  continu¬ 
ally  diminilhed,  and  fo  its  Motion  is  continually  retard¬ 
ed,  till  at  lalt  it  be  all  deltroy’d.  The  Body  has  then 
attain’d  its  utmolt  Height,  and  is  for  a  Moment  mo- 
tionlefs,  after  which  it  begins  to  defcend  with  a  Velo¬ 
city  in  the  fame  Manner  accelerated,  till  it  comes  to  the 
Earth’s  Surface. 

4.  And  becaufe  at  a  fmall  Diftance  from  the  Earth’s 
Surface,  the  Power  of  Gravity  is  every  where  the  fame, 
it  follows,  that  in  equal  Moments  of  Time  the  Impul- 
fes  on  the  Body  will  be  equal,  which  will  therefore  ge¬ 
nerate  an  equal  Increafe  of  Velocity  each  Moment,  and 
of  Confequence  the  Motion  refulting  from  thence  will 
be  equally  quicken’d  if  downwards,  or  retarded  if  up¬ 
wards,  in  Mediums  without  Refiftance. 

5.  In  this  Cafe  we  may  obferve  in  Bodies  that  are 
projefted  upwards,  (i.)  That  the  Time  of  the  Afcent 
is  equal  to  that  of  the  Defcent.  (2.)  That  at  equal 
Heights  above  the  Earth,  the  Velocity  in  the  Afcent 
and  Defcent  is  equal,  or  the  fame  ;  and  therefore,  (3.) 
7'hat  the  Velocity  acquired  (by  falling)  at  the  Earth’s 
Surface,  is  equal  to  that  which  is  generated  by  the  Pow¬ 
der,  or  othtr  Impetus  (which  threw  it  up)  in  the  firft 
Moment  of  its  Motion.  What  Difference  will  arlfe 
from  a  refifting  Medium  (as  to  Projedfiles  thrown  up  in 
the  Air,  Uc,)  will  be  hereafter  more  fully  confider’d  and 
rpccified. 
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comnionly  call  the  Swijtnefs  or  Slcnmefs  of  ; 
Motion  (XXII). 

The  Momentum  or  ^laniity  of  Mo-- 
tion  is  all  that  Power  or  Force  which  a  mo-  ; 
ving  Body  has  to  affedl  or  ftrike  any  Ob-' 
ftacle  or  Impediment  which  oppofes  its  , 
Motion,  and  is  equal  to  that  impreffed  j 

*  I 

,  (XXII).  I.  From  the  above  Definitions  we  may  de-  . 
termine  the  Theorems,  for  the  Expreffions  of  the  Time 
(T,)  the  Velocity  (V),  and  the  Space  (S)  palTed  over,  in  ij 
Equable  or  Uniform  Motion,  very  eafily  thus  : 

2.  If  the  Time  be  given,  or  the  fame  j  the  Space  paf-  . 

fed  over  will  be  as  the  Felocity^  viz.  S  :  V  ;  that  is,  with 
twice  the  Velocity,  twice  the  Space  j  with  three  Times  j 
the  Velocity,  three  times  the  Space,  will  be  pafs’d  over  j 
in  the  fame  Time ;  and  fo  on.  ' 

3.  If  the  Velocity  be  given,  or  remain  the  fame;.  ' 
then  the  Space  pafs' d  aver  will  be  as  the  Tttne  (viz.  S  :  T)  ^ 
that  is,  it  will  be  the  greater  or  leffer  as  the  Time  is  fo, 

4.  But  if  neither  the  Time  nor  Velocity  be  given,  or’, 

known  ;  then  will  the  Space  be  in  the  compound  Ratio  of.  j 
both^  viz.  S  :  TV.  j 

s  j 

5.  Hence,  in  general,  fince  S  :  TV,  we  have  V  : 

that  is,  the  Velocity  is  always  directly  as  the  Space,  and\A 
inverfely  as  theVime .  ' 

S  .  •  . 

6.  And  alfo  T  ;  _  ;  that  is,  the  Time  is  as  the  Space  ,1 

'  ^  1 

direBly,  and  as  the  Velocity  inverfely  •,  or,  in  other  Words,  '1 
It  increases  with  the  Space,  and  dca'eafes  with  the  Velocity,  j 

7.  If  therefore  in  any  Redlangle  ABCD  one  Side  AB  . 
Plate  III.  reprefent  the  Time,  and  the  other  Side  BC  the  Velo- 

Fig.  5.  city,  ’tis  evident  the  Area  of  the  faid  Reftangle  will  re-  i,| 
prefent  the  Space  pafs’d  over  by  an  uniform  Motion  in  i| 
the  Time  AB  and  with  the  Velocity  BC.  jj 

Force 
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i ;  Force  by  which  the  Body  is  compell’d  to 
I '  change  its  Place. 

!  Since  the  Force  of  a  Body  is  greater  or 
j '  lelfer  as  the  Quantity  of  Matter  is  fo,  when 
I  die  Velocity  of  its  Motion  is  the  fame  j  al- 
S  fo  fmce  the  faid  Force  in  the  fame  Body  is 
t  proportional  to  its  Velocity  :  Therefore  it 
i  follows,  that  the  Momentum  or  Force  of 
[  Bodies  in  Motion  is  in  the  compound  Ratio 
^  1  of  theii-  Quantities  of  Matter  and  their  Ve- 

locities  conjointly.  Thus  if  one  Body  Apiatdir. 
I  ftrike  an  Obflacle  X,  with  3  Parts  of  Mat-  Fig,  3. 

5  ter  and  9  Degrees  of  Celerity  j  and  another 

I  Body  B  ftrike  it  with  5  Parts  of  Matter,  and 

7  Degrees  of  Celerity  ;  the  Momenta  of  the 
I  refpeftive  Strokes  will  be  as  27  to  35 
i  (XXIII). 

t 

'  (XXIII.)  Since  the  Momentum  (M)  of  a  Body  is 

i  compounded  of  the  Quantity  of  Matter  (Q),  and  the 

f  Velocity  (V),  we  have  this  general  Expreffion  M=Qy, 

I  for  the  Force  of  any  Body  A  ;  and  fuppofe  the  Force  of 

i  another  Body  B  be  reprefented  by  the  fame  Letters  in 

I  Italkks,  viz.  M-^V. 

2.  Let  the  two  Bodies  A  and  B  in  Motion  impinge 
'  on  each  other  diredtly  ;  if  they  tend  both  the  fame  Way, 
the  Sum  of  their  Motions  towards  the  fame  Part  will  be 
.  *  Oy But  if  they  tend  towards  contrary  Parts, 
or  meet,  then  the  Sum  of  their  Motions  toward  the 
fame  Part  will  be  QV — ;  for  fmce  the  Motion  of 
one  of  the  Bodies  is  contrary  to  what  it  was  before,  it 
muft  be  coone£led  by  a  contrary  Sign.  Or  thus ;  be- 
i  caufe  when  the  Motion  of  B  coufpires.  with  that  of  A,  it 
is  added  to  it  ;  fo  when  it  is  contrary,  it  is  fiibdiitied^ 
frotn  itf  and  the  Sum  or  Differenoe  of  the  ab/okte  Motions 

is 
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Plate  IV. 
Fig.  I. 


Plate  IV. 
Fig.  2. 


M  E  C  H  A  N  ICS. 

The  general  Laws  of  Motion  which 
all  Bodies  obferve,  are  the  tliree  follow* 
iiig, 


IS  the  whole  re’atlvi  Motiofi^  dr  that  which  is  made  to* 
wards  the  fame  Part. 

3.  Again,  this  total  Motion  towards  the  fame  Parts 
is  the  fame  both  before  and  after  the  Stroke,  in  cafe 
the  two  Bodies  A  and  B  impinge  on  each  other  ;  be* 
caufe  whatever  Change  of  Motion  is  made  in  one  of 
thefe  Bodies  by  the  Stroke,  the  fame  is  produced  in  the 
other  Body  towards  the  fame  Part ;  that  is,  as  much  as 
the  Motion  of  B  is  increafed  or  decreafed  towards  the 
fame  Part  by  the  Aftion  of  A,  juft  fo  much  is  the  Mo¬ 
tion  of  A  diminiftied  or  augmented  towards  the  fame 
Part  by  the  equal  Re-adbon  of  B,  by  the  third  Law  of 
Motion. 

4.  In  Bodies  not  elajiic^  let  x  be  the  Velocity  of  the 

Bodies  after  the  Stroke  (for  fince  we  fuppofe  them  not 
elaftic,  there  can  be  nothing  to  feparate  them  after  Col- 
lifion,  they  muft  therefore  both  go  on  together,  or  with 
the  fame  Celerity).  Then  the  Sum  of  the  Motions  after 
Collifion  will  be  ;  whence  if  the  Bodies  tdnd 

the  fame  Way,  we  have  QV-j-.^P’r^Qy-f-.^,  or  if 
they  meet,  »  and  accordingly 

0.+.^  Qrf-.C 

5.  If  the  Body  (B)  be  at  reft,  then  F=9,  and  the 

Velocity  of  the  Bodies  after  the  Stroke  will  be  -  : 

I 

=Ar.  Thus  if  the  Bodies  be  equal  (viz.  and 

A  with  10  Degrees  of  Velocity  impinge  on  B  at  reftj 

then  ^ 

:  6  ;  we  have  —  8=Ar,  the  Velocity  af- 

0.4.^  2 

ter  the  Stroke. 
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Mechanics. 

L  A  W  L  Every  Body  will  co7itinue  in  its 
State  of  Rejl^  or  moving  uniformly  in  a  Right 


6.  If  the  Bodies  are  both  in  Motion,  and  tend  to-  Plate  IV. 
wards  oppofite  Parts,  or  meet  ;  then  when  Q=^,  and  Fig  3, 

V=/^,  ’tis  plaln^^T^^— g— A- ;  that  is,  the  Bodies 

which  meet  With  equal  Bulks  and  Velocities  will  dejlroy  each 
other's  Motion  after  the  Stroke,  and  remain  at  rejl.  If 

but  V  ;  V 6  :'i4,  then2Z=^:=  —  1 

^7^^  2 

=  —  4  =  —  X  }  which  fliews  that  equal  Bodies  meetir^ 
with  unequal  Velocities,  they  will  after  the  Stroke  both  g‘* 
on  the  fameWay  which  the  mojl  prevalent  Body  moved  before. 

Qy-f  g}Tr 

7.  If  the  VelocIty-i^^=^  be  multiplied  by  the 
Quantities  of  Matter  Q_and^,we  fhall  haveO^^— 

=the  Momentum  of  A  after  the  Stroke  :  and^^*^— K 

0.+  ^ 

=:the  Momentum  ofB.  Therefore  QV — 

_Q^V=tr _ _Q.f X  Vid=^=  the  Quantity 

of  Motion  loft  in  A  after  the  Stroke,  and  confequently 
is  equal  to  what  is  gain’d  in  B,  as  may  be  fhewn  in  the 
fame  Manner. 

8.  But  fince  a  Part  of  this  Expreffion  is 

conftant,  the  Lofs  of  Motion  will  be  ever  proportional  to 
the  other  Part  N-=tiV.  But  this  I.ofs  or  Change  of 
Motion  in  either  Body  is  the  whole  EfFefl,  and  fo  mea- 
ures  the  Magnitude ‘or  Energy  of  the  Syoke.  Wherc- 

Line, 


\ 


V 

i 


Line,  except  fo  far  as  it  is  compell'd  to  • 
change  that  State  by  Forces  imprefsd. 

'I 

fore  any  two  Bodies,  notelaftic,  ftrike  each  other  with.  ‘I 
a  Stroke  always  proportional  to  the  Sum  of  their  Veloci¬ 
ties  (V-f^)  if  they  meet,  or  to  the  Difference  of  their  i 
Velocities  (V — V)  if  they  tend  the  fame  Way. 

9.  Hence  if  one  Body  (B)  be  at  reft  before  the  Stroke,  if; 
then  V—o  ;  and  the  hiagnitude  of  the  Stroke  will  be  as  ^ 
V,  that  is,  as  the  Velocity  of  the  moving  Body  A  ;  and 
not  as  the  Square  of  its  Velocity,  as  many  Philofophers  ' 
{viz.  the  Dutch  and  Italians )  maintain. 

10.  In  Bodies  perfedtly  elaftic,  the  reftituent  Power 
or  Spring,  by  which  the  Parts  difplaced  by  the  Stroke  i 
reftore  themfelves  to  their  firft  Situation,  is  equal  to  the  -i 
Force  imprefs’d,  becaufe  it  produces  an  equal  Effecft ; 
therefore  in  this  Sort  of  Bodies,  there  is  a  Power  of  Ac-  I 
tion  twice  as  great  as  in  the  former  Non-elaftic  Bodies, 
for  thefe  Bodies  not  only  ftrike  each  other  by  Impulfe,  t 
but  likewife  by  Repulfe,  they  always  repelling  each  other  |!  j 
after  the  Stroke. 

11.  But  we  have  fhewn  that  the  Force  with  which  i 

Non-elaftic  Bodies  ftrike  each  other  is  as  j  i 

therefore  the  Re-acftion  of  Elaftic  Bodies  is  the  famej 
that  is,  the  Velocity  with  which  Elaftic  Bodies  re¬ 
cede  from  each  other  after  the  Stroke  is  equal  to  the  Ve¬ 
locity  with  which  they  approach’d  each  other  before  the 
Stroke.  Whence  if  x  and  y  be  the  V  elocities  of  two  Bo¬ 
dies  A  andB,  tending  the  fame  Way,  after  the  Stroke,  ^ 
ftnce  V — V — X,  we  have  ;f-}-V — V^y  j  whence  the 
Motion  of  A  after  the  Stroke  will  be  Qj*,  and  that  of 
B  will  be  i^+^V — ^ ;  and  the  Sum  of  thefe  Mo-  , 
tions  will  be  equal  to  the  Sum  of  the  Motions  before  the  , 
Stroke,  t'/z.  Whence  • 

by  reducing  the  Equation,  it  will  be  Qjc-f-j^A'raQy— 

and  the  Velocity  1 

wm 

ef  the  Body  A. 
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LAW  II.  T’he  Change  of  Motion  is 
uays  proportional  to  the  moving  Force  im- 

12.  Again,  the  Velocity  of  B  is  +  V  —  V-=i 

Qy_ 

Q.i"^  Qjf^ 

Here  we  have  fuppofed  the  Bodies  tend  the  fame  Way 
before  the  Stroke  ;  and  it  is  evident  from  the  Equation 
above,  that  fo  long  as  Cpf  's  greater  than  FY t 

the  Velocity  {x)  of  A  after  the  Stroke  will  be  affirmative, 
or  the  Body  A  will  move  the  fame  Way  after  the  Stroke 
as  before;  but  when  ^V  is  greater  than  QV-f-zK^, 
the  Velocity  (;<r)  will  be  negative,  or  the  Body  A  will  be 
reflefted  back. 

13.  jf  the  Body  B  be  at  reft,  then  V—O'y  and  ;r=: 

j  which  fhews  the  Body  A  will  go  forwards 

or  backwards,  as  QV  is  greater  or  lefTer  than  j^V,  or 
A  greater  or  lefier  thanB. 

14.  If  0,=  3,  2,  and  V  z=  10,  and  V  ~o  \  then  pjatg  jy, 

after  the  Stroke  the  V'^elocity  of  A  will  be”— — =:  5* 


20  1 0 

— “  =  2,  and  the  Velocity  of  B  will  be  y 


If  the  Bodies  are  both  in  Mo- 


5  5 

_ 

5  - 

tion,  and  F  —  5,  the  reft  the  fame  as  before ;  then 
Q.V  — F  2^F 

^ - —  6  =  Velocity  of  A  after  the 

—  QFF3F 

Stroke,  and  =11=  Velocity 

of  B  after  the  Stroke. 

15.  If  the  Bodies  A  and  B  move  towards  contrary 
Parts,  or  meet  each  other,  then  will  the  Relative  Ve¬ 
locity,  to  which  the  Force  of  the  Stroke  is  proportional, 
^  Ff  and  fo  the  Velocities  of  A  and  B  after  the 
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prefsd,  and  is  always  made  according  to  the 
Right  Line  in  which  that  Force  is  imprefs'd. 


Stroke  will  be  x  and  Af  -f*  V  -f-  ^ ;  and  fo  tbe  Motion 
of  A  will  be  Q.^  and  the  Sum  of 

thefe  Motions  is  Q_.v  =  ^x  =  —  Q_^ 

the  Motion  towards  the  fame  Part  before  the 

oy —siy 

Stroke.  Whence  wc  have  *•  —  ^  ’  j 


Q^V— ^V- 


and  the  Velocity  of  B  will  be  ^ 


+  V 


- fl+x  ' 


fig.  7. 


1 6.  If  Q_v  4-  2  be  greater  than  QV ,  the  Mo¬ 
tion  of  the  Body  A  will  be  backwards  j  otherwife  it 
will  go  on  forwards  as  before.  If  Q_—  3»  V 

=  10,  and  r=:  5  5  then  will  the  Velocity  of  A  be 

Q_V  -  .^V  —  — >o  _ 


0-+-^ 


=  2,  and  fo  the  Body  A 


^3 


Fig.  8. 

w 


Fig.  9. 


Fig.  10. 


will  0-0  back  with  two  Degrees  of  Velocity.  The  Ve- 

jQV-fQr— 

locity  of  E,  after  the  Stroke,  will  be  - - 


17.  If  the  Bodies  are  equal,  that  is,  if  Q_=  then 
_ 

—  =:  —  V  •,  which  (hews,  that  when  equal 

_  . 


Bodies  meet  each  other,  they  are  refledled  back  with  in¬ 
terchanged  Velocities;  for  in  that  Cafe  alfo  the  Velo- 


An  Example  of  this 


T.  2  Q,V 

city  of  B  becomes  =  V. 

you  have  in  Fig.  8  of  Flate  IV'^. 

18.  If  the  Bodies  are  equal,  and  one  of  them. at  reft, 
Plate  IV.  35  g  .  j-hen  fmee  Q_=  and  V  ^  0  we  have  the  Ve- 


locity  of  A  after  the  Stroke  a-  =  <? ;  or  the  Body  A  will 
abide  at  reft,  and  the  Velocity  of  B  will  be  —  V,  the 
Velocity  of  A  before  theimpulfe,  as  appears  by  theEx- 
ample  of  Fig.  9. 

19.  If  feveral  Bodies  B,  C,  D,  E,  F,  are  contiguous 
in  a  Right  Line,  if  another  equal  Body  A  ftrike  B  with 

LAW 
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LAW  III.  Re-aBion  is  always  equal  and 
contrary  to  ABion\  or  the  ABions  oj  two 

any  given  Velocity,  it  fliall  lofe  all  its  Motion,  or  be 
quiefcent  after  the  Stroke  ;  the  Body  B  which  receives 
it  will  communicate  it  to  C,  and  C  to  D,  and  D  to  E 
and  E  to  F  ;  and  becaufe  Adion  and  Re-acSlion  between 
the  Bodies  B,  C,  D,  E,  are  equal,  as  they  were  quief¬ 
cent  before,  they  muft  continue  fo ;  but  the  Body  F 
having  no  other  Body  to  re- aft  upon  it,  has  nothing  to 
obftruft  its  Motion,  it  will  therefore  move  on  with  the 
fame  Velocity  which  A  had  at  firft,  becaufe  it  has  all 
the  Motion  of  A,  and  the  fame  Quantity  of  Matter  by 
Hypothelis. 

20.  Let  there  be  three  Bodies  A,  B,  C;  and  let  A  Fi 
flrikeB  at  reft  ;  the  Velocity  generated  in  B  by  the  Stroke 
2  C?  V 

will  bey  =  ^  |  and  fo  the  Momentum  of  B  will  be 
2  Q_V  ^ 

~  Momentum  B  will  ftrike  C 

at  Reft  and  contiguous  to  it;  the  Velocity  generated  in 


Cwill  be 


;  and  Its  Momentum  will  be 


4Q.V.^.C 


•^+C  0,+  .^  -j-  -4-  ^c. 

21.  If  now  wefuppofe  B  a  variable  Quantity,  while 
A  and  C  remain  the  fame,  we  (hall  find  what  Propor¬ 
tion  it  muft  have  to  each  of  them  in  order  that  the  Mo- 
^entum  of  C  may  be  a  Maximum,  or  the  greateft  pof- 
6ble,  by  putting  the  Flu.xion  thereof  equal  to  Nothing  ; 

tha,  4Q-C-Vi^-,Q.C^.4-  , 

get  Q_c  —  o,  and  fo  C^C  =  .^.9  ;  Confe- 

Q.:  4.:  C,  or  A  :  B  : :  B  :  C  ;  that  is,  the 

Body  B  is  a  Getmctrical  Mean  between  A  and  C. 

22.  Hence  if  there  be  any  Number  (^n'j  of  Bodies  in 
i  Gcometiical  Ratio  (r)  to  each  other ;  and  the  firft  be 


H  2 


Bodies 


V 
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■Bodies  upon  ench  othen  uve  ulwnys  c^ucil^  and 
contrary  Diredtions:  That  is,  byAdiionand 

A,  the  fecond  will  be  r  A,  the  third  r'^  A,  and  fo  on  to 
thelaft,  which  will  be  r”— i  A. 

2^.  Alfo,  the  Velocity  of  the  firft  being  V,  that  of 
zV  2Q_V  .  _  2  A  V 

the  fecond  will  be  ^  (fot  “ere —  a  -{-  r  A 

—  iJLVhat  of  the  third  that  of  the  fourth 

"l  +  ry  i+r 

8V 


I  +r 


I  +  ^ 


7,  and  fo  on  to  the  laft,  which  will  be 


V. 


T“  ^1 

24.  The  Momentum  of  the  firft  will  be  A  V,  that  of 

‘  . 1  A 

,  ,  that  of 


2r  AV  -  ,  4  V 

the  fecond - ,  that  of  the  third 


the  fourth 


2  r 


1  +  r 
Sr^AV 

\  V. 


I+r 

,nd  fo  on  to  the  laft,  which  will  be 


I  -}■  ' 

2^.  To  give  an  jf'xample ;  if  k  =  too,  and  r  —  2y 
then  wilj^the  firft  l%]j  A  be  to  the  laft  r”->A,  as  i  to 
63  ^8253oooooooooGiJooooo6oooooo,  nearly  ;  and  its  Ve¬ 
locity  to  that  the  laft  nearly  as  271022000000000000 
to  \  ;  Laftly,  the  Momentum  of  the  firft  to  the  laft  will 
be  nearly  as  i  to  2338480000000. 

26.  If  the  Number  {n)  of  Bodies  be  required,  and 
the  Ratio  of  the  'Hoipenta  of  the  firft  and  lalf  be  given 
as  I  to  M,  and  the  Ratio  of  the  Series  r  given  alfo ; 

then  putting  -  T-  =  H,  we  have  the  Momentum  of  the 
laft  Body  exprefs’d  by 


2  r 

I  +  r 


■=.  M  =  R”— there¬ 
fore  the  Logarithm  of  M  is  equal  to  the  Logarithm'of'  R 

Re- 


N  I  C  S. 

Re-aBion  equal  changes  of  Motion  are  pro~ 
duced  in  Bodies  a^ing  upon  each  other and 
thefe  Changes  are  imprefsd  towards  contrary 
Barts. 

The  fii'ilof  thefe  Laws  is  founded  on 
the  Vis  Inertia  of  Matter,  whereby  it  is 
indifferently  difpofed  to  perfevere  in  its 
State  of  Motion  or  Reii.  ’Tis  not  more 
evident  that  Matter  at  Refl  requires  art 
extrinfic  Power  to  give  it  Motion,  than 
that,  when  in  Motion,  the  Force  of  fome 
other  Body  refilling  it  is  necelTary  to  bring 
it  to  a  State  of  Reft.  ;For-want  of  fuch 
Refiftance  we  fee  the  Hanets  and  Comets 
long  conferve  their  Motions  undiminillidj 
while  moving  Bowls,  and  Wheels,  are 
gradually  reduced  to  a  State  of  Reft,  by 
;he  Fri(5i:ion’'or  Rubbing  of  the  Parts  on 
which  they  move,  againft  contiguous  le- 
ifting  Bodies  j  as  is  evident  by  the  expe- 
iraent  of  the  Axis  in  Peritrochio.  movins" 

■.  O 

irft  on  fix’d  Parts,  and  afterwards  on 
^riBi  on-  Wheels. 

From  this  Law,  and  what  will  be  far- 
her  demonftrated  hereafter,  it  follows. 


nukiplled  by  the  Power  n 
<  /.  R ;  confequently  +  i 

It  Jv 

Jodies  required. 

H3 


1  ;  that  is,  —  —  i 

n.  the  Number  of 


that 


teit* 

ill 


‘i .  -■  1 


r 
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that  no  perpetual  Motion  can  be  efFedted,  i 
at  leaft  by  any  human  Power,  with  Bo¬ 
dies  in  a  refifting  Medium.  i 

By  the  fecond  Law  we  are  inftrudled 
how  to  eftimate  the  Sum  of  the  Motions  j 
of  Bodies  moving  the  fame  or  contrary  '“I 
Ways,  when  they  dire6lly  ftrike,  or  im-  ; 
pinge  on  each  other.  Alfo  we  hence  learn 
the  Compojition  and  Refolution  of  Motion  arif- 
ing  from  Forces  imprefs’d  in  oblique  Di- 
reftions;  a  Dodlrine  of  the  utmoft  Ufein 
Philofophy,  and  the  Foundation  of  all 
MIechanics.  T o  illuftrate  this  :  Let  the  Body 
Plate  HI.  B  at  Reft  be  impell’d  by  the  Body  A  in  the 
Fig-  4*  Diredlion  b  c,  with  a  Force  that  would, 
in  a  given  Time,  caufe  it  to  move  from 
^  to  r;  at  the  fame  Inftant,  let  another 
Body  C  ftrike  it  in  the  Diredlion  b  d,  with 
a  Force  that  will  carry  it  from  b  to  d  m 
the  fame  Timej  then  compleat  the  paral¬ 
lelogram  b  c  e  d,  and  draw  the  Diagonal 
b  e,  that  will  reprefent  the  Diredlion  and  jj 
Diftance  through  which  the  Body  will  i 
move  in  the  fame  Time  by  both  the  Forces 
conjointly  (XXIV). 

g| 

(XXIV.)  This  is  evident  if  we  confider  that  the  Force 
imprefs’d  by  the  Body  C  does  no  ways  diminifh  the  Ve¬ 
locity  of  a  Body  approaching  to  the  line  c  e,  at  the  End 
of  the  given  T  ime,  and  therefore  it  will  then  be  found 

The 
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The  third  general  Law  is  founded  on 
Reafon  and  Experience:  We  know  from 

fomewhere  in  the  faid  Line  ce.  For  the  fame  Reafon  it 
will  at  the  End  of  the  faid  Time  be  carried  to  a  Diftance 
from  iJr  equal  to and  therefore  it  muft  alfo  at  the 
fame  Moment  be  found  fomewhere  in  the  Line  de  ;  but 
it  cannot  be  in  the  Line  ce  and  d e  the  fame  Time, 
unlefs  in  that  Point  e,  where  they  interfedf  each  other, 
as  the  Propolltion  alTerts.  ^ 

2.  We  may  now  conceive  the  Body  B  moving  by  the  \ 

fingle  Impulfe  of  fome  Power  in  the  Direciion  he,  fuch 
as  will  carry  it  thro’  the  Space  /;«  in  a  given  Time; 
then  this  may  be  refolved  into  any  other  twojForces  afling 
in  the  Direftions  b  e  or  d  e,  and  b  d  ox  c  which  Lines 
will  alfo  reprefent  the  Efficacy  of  the  faid  B'orces  in  the 
fame  Time. 

This  Doiirine  of  the  Compojlt'icn  and  Rejolution 
ef  Forces  will  be  found  of  very  frequent  Ufe;  and  will 
be  farther  illuftrated  in  an  Application  to  the  Dodtrine 
of  Oblique  Percuffmt^  as  follows.  Let  the  Body  A  im-  Plate  IV. 
pinge  on  B  at  reft  in  the  Direff  ion  A  C,  which  be-  pjo-,  i  2. 
caufe  it  does  not  go  thro’  the  Center  of  the  Body  B, 
the  Stroke  will  not  be  Dhedi,  but  Oblique,  and  let  the 
Force  of  the  Stroke  be  reprefented  by  the  faid  Line 
A  C. 

4.  This  Force  A  C  may  be  refolved  into  the  two 
Forces  A  I,  and  I  C ;  the  former  of  which  being  pa¬ 
rallel  to  the  horizontal  Line  G  F,  cannot  affect  the 
Body  B  at  all ;  for  the  Motion  in  that  Line  would  only 
pafs  by  the  Superficies  of  B,  and  touch  the  uppermoll 
Point  without  any  Stroke  or  Force  to  remove  it. 

5.  But  that  Part  of  the  Stroke  reprefented  by  I  C, 
pafl'es  thro’  the  Center  of  B,  and  therefore  expreiles 
the  whole  Force  w  ith  which  the  Body  A  ftrikes  it  in 
the  Diredlion  A  C.  Therefore  the  Force  of  an  Oblique 
Stroke  is  to  the  Force  of  a  Dh  eSl  Stroke,  as  i  C  to  h.  C, 
pojfing  thro'  the  Center  of  the  Body  B. 

H  4  the 


the  Nature  of  Attraftion  ,or  Gravity,  that 
if  a  Stone  fall  towards  the  Earth,  the 


6.  Now  fince  ICr=AG,  we  have  this  Analogy,  The 
direSi  Stroke  is  to  the  ob'ique  Stroke^  as  AC  to  AG,  that 
is,  as  Radius  to  the  Sine  of  the  Angle  of  In  clination  ACG. 
'Whence,  ’tis  evident,  the  lefs  this  Mngle  is,  the  more 
oblique  the  Stroke,  and  the  lefs  its  Force,  becaufe  the 
lefs  muft  AG  (=;1C)  be  in  refpedl  of  AC. 

7.  If  the  Bodies  A,  B,  are  Non~elaftic,  in  the  Line 
GF,  take  CF=;CG=:AI,  and  this  will  be  the  horizon¬ 
tal  Velocity  of  A  after  the  Stroke, which  will  be  the  fame 
as  before,  and  fince  the  whole  Force  IC  of  the  S  riking 
Body  A  is  known,  we  can  find  (by  Annot.  XXIII.  7.) 
what  Part  thereof  remains  after  the  Stroke,  which  let 
be  exprefs’d  by  FD,  (taken  from  F  to  the  hight)  then 
drawing  CD  it  (hall  reprefentthe  Motion  and  J  Aredtion 
of  A  a?ter  the  Stroke,  whde  B  will  go  on  towards  E 
with  the  Motion  BE  generated  by  the  Stroke,  (which 
alfo  may  be  found  as  before)  and  will  be  equal  toFD, 
if  the  Bodies  A  and  B  are  equal. 

8-  If  the  Bodies  are  Ehjiic,  and  B  lefs  than  A,  the 
Diredlion  of  A  after  the  Stroke,  [viz.  CD)  will  make 
an  Acute  Jn  je  with  BE  the  Diredtion  of  B,  or  lie  on 
the  Right  of  CF,  If  B  be  greater  than  A,  it  will  be 
reflcdted  fo  that  CD  will  make  an  Obtufe  Angle  with 
CE,  or  lie  on  the  Left  of  it.  But  if  both  the  Bodies  are 
equal,  the  whole  Motion  of  A  in  the  Diredtion  CEwill. 
be  deftroy’d  (by  Aun  t.  XXIIl.  19.)  and  it  will  proceeds 
with  only  the  horizontal  Velocity  in  the  Diredtion  CF, 
making  a  Right  Angle  with  CE,  the  Diredtion  of  B. 

9.  .f  two  imdiesA,  B,  in  Motion,  impinge  on  each 
other  in  the  Point  C  in  the  oblique  Diredtions  AC,  BC, 
thefe  are  each  refolvable  into  two,  viz.  AE  and  EC,  ' 
Pla'elV.  and  BD  and  DC.  Now  fince  FC  and  D  are  paral- 
13.  lei,  they  cannot  obftrudt  each  other,  fo  will  ;  e  the  fame 
after  the  Stroke  as  before  it.  But  AE  and  BD,  being 
oppofite,  will  exprefs  the  Forces  with  v,'hich  the  Bodies 
ftnke  each  other  direc'tly,  and  rnay  be  found  by  the 
E-uIes  above  deliver'd. 

Quantity 
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Quantity  of  Motion  both  in  the  Eaith  and 
Stone  is  the  fame.  That  the  Iron  attracts 
the  Loadftone  with  an  equal  Power  of 
Magnetifm,  is  evident  by  Experiment. 

That  Albion  and  Re-a^ion  are  equal  be¬ 
tween  impinging  Bodies,  or  that  the  fame 
Quantity  of  Motion  that  is  generated  in  ' 
one  Body  is  deftroy’d  in  the  other  by  the 
Stroke,  whether  the  Bodies  be  elafiic  or 
non-elaftic,  will  alfo  be  made  apparent  to 
the  Senfes  by  Experiment.  Whence  alfo 
it  will  appear,  that  the  Action  or  Ehe6t  of 
elaftic  Bodies  is  twice  as  great,  as  that  of 
Bodies  void  of  Elafticity  (XX  V). 

lO.  If  then  we  make  C£’=:CE,  andCZ):=:CD:  Al¬ 
fo  C(j=  Motion  of  A  after  the  Stroke,  and  Ci^=lV!o- 
tion  of  B,  and  compleat  the  Parallelograms  EG,  and 
Z)E,  their  Diagonals  QA  and  C5  will  he  the  l)ire<3ions, 
and  exprefs  the  Velocities  A  and  B  after  the  Stroke. 

This  Conftrudlion  is  general,  and  may  be  accommo¬ 
dated  to  particular  Cafes,  varying  with  the  Magnitudes 
and  Velocities,  tAc.  of  the  impinging  Bodies. 

(XXV.)  Let  QpzQiiantity  of  Matter  in  the  Earth, 
and  Vr::^  the  Velocity  with  which  it  moves  by  Attraction; 
and  let  q  and  v  denote  the  fame  Things  in  the  falling 
Stone  ;  then  fince  the  Earth  and  Stone  aCt  mutually  on 
each  other  by  Attraction,  the  Velocity  of  each,  and 
confequently  the  Spaces  they  deferibe  in  the  fame  Time, 
will  be  as  the  Power  aCtingon  each  Body,  which  there¬ 
fore  will  be  inverfely  as  the  Qirantities  of  Matter  in  each  : 
Confequently  Q,  :  q  :  :  it  :  V  ;  and  fo  QV—qu,  or  the 
Momentum  of  the  Earth  is  equal  to  that  of  the  falling 
Body. 


From 
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From  this  Law  we  have  a  Solution  of 
divers  Phcenomena  other  wife  not  to  be  ac- 


2.  In  like  Manner,  when  a  Horfe  draws  a  Stone,  the 
Cord  being  equally  ftretch’d  between  both,  arts  equally 
upon  both,  and  that  which  has  leaft  Rehftance  yields,  ; 
and  is  drawn  along.  This  is  ufually  the  Cafe  of  the 
Stone ;  but  if  its  W  eight  be  increafed,  and  therewiih  its 
Fvcfiftance,  till  it  be  equal  or  greater  than  that  of  the 
Horfe,  then  neither  Horfe  nor  Stone  will  move  ;  unlefs 
the  Stone  be  laid  on  a  Defcent,  and  then  it  will  move  the 
contrary  Way,  and  draw  the  Horfe  after  it. 

3.  In  the  fame  Manner  we  may  underftand  how 
Rowing,  Swimming,  Flying,  fs’c.  is  performed  ;  for 
the  Boat,  the  P'lfh,  and  the  Bird,  are  Bodies  eafily 
moveable  with  the  leaft  bnpttus^  but  the  Water  and 
Air  in  which  they  move,  tho’  fluid  Bodies,  yet  give 
great  Refiftance  to  others  which  ft  tike  them,  or  re-a^ 
with  an  equal  Force,  in  a  contrary  DireiHion  ;  and  by 
this  means  impel  the  Boat,  the  P'ifh,  and  Bird  in  a  Di-  i 
rection  nearly 'contrary  to  that  in  which  they  ftrike  it, 
and  with  an  equal  Force. 

4.  Aierfennus  tells  us  a  Cannon  12  Feet  in  Length, 
weighing  6400  lb.  gives  a  Ball  of  24/Zi.  an  uniform  Ve¬ 
locity  at  the  Rate  of  640  Feetp^r  Second.  Put  w=6400, 
«;=r24,  v—640.,  vr=  Velocity,  with  which  the  Cannon  : 
recoils.  Now  fince  the  Momentum  of  the  Cannon  and 

Ball  are  equal,  we  have  -viv—ivv,  and  fo 

w 

640  X  ^4 4,  the'Velocitv  of  the  Cannon ;  that  is, 

6400 

it  would  recoil  at  the  Rate  of  2/0  Feet  per  Second,  if  free 
to  move. 

5.  But  if  the  Cannon  be  fix’d,  it  will  receive  a  Shock 
or  Prefllire  from  the  expanfive  Force  of  the  Powder, 
equal  to  the  PrefTure  of  a  certain  Weight,  which  Weight 
may  thus  be  found.  As  the  Powder  conftantly  atfts  on 
the  Ball  while  in  the  Cannon,  it  will  drive  it  along 

counted 
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counted  for  :  As,  why  foft  and  unelaftic 
Bodies  retain  the  Imprcjjions  of  others. 


'v  i 


with  an  accelerated  Velocity,  which  accelefated  Velo¬ 
city  will  produce  an  uniform  Velocity  of  24  Feet  in  the 
fame  Time  (as  we  fhall  ftiew  hereafter)  when  free  from 
the  Cannon.  And  fince  the  Ball  goes  at  the  Rate  of 

640  Feet  per  Second,  it  will  pafs  oyer  24  Feet  in 


of  a  Second,  which  therefore  is  the  Time  of  its  paffing 


thro’  the  Cannon. 

6.  Now  fince  in  accelerated  Velocities  the  Spaces 
palTed  over  are  as  the  Squares  of  the  Times,  therefore 


‘"^1^  or  as  i"  is  to26y'‘’^  (=7ii|)  fo  is  12 
Feet^to  8537,1  Feet,  which  the  Ball  would  be  carried 


throuo-h  in  oae  Second  by  the  accelerating  Force  of  the 

Powder.  ^  . 

7.  But  fince  the  accelerating  Force  of  Gravity  gives 
the  Ball  a  Weight  of  24  Pounds,  the  greater  accelerat¬ 
ing  Force  of  the  Powder  will  give  it  the  Force  of  Weight 
=:°i28oo  Pounds.  For  the  Weights  of  Bodies  are  as 
the  accelerating  Forces,  and  thefe  are  the  Spaces  paf- 
fed  through  in  the  fame  Time;  therefore  16  F.  :  24  lb, :  : 
8523' F.:  12800 //».  as  required. 

8.  But  if  the  Cannon  be  free  to  recoil.  Part  of  this 
Force  will  be  fpent  in  giving  it  a  Velocity  of  2,4  Feet  iti 
a  Second,  and  to  find  what  Part  of  the  whole  W  eight 
12800  Pounds;  that  is,  we  are  to  confider  that  as  the 
whole  Force  produces  a  Velocity  of  640  Feet  in  a  Se¬ 
cond  one  Way,  fo  when  the  Piece  recoils,  this  Velocity 
is  divided  into  two  Parts  in  contrary  Diredions,  viz.  in¬ 
to  640—2,4  and  2,4  ;  the  whole  Force  therefore  of 
12800  Pound  muft  be  divided  into  Parts  of  the  fame 
Proportion  ;  thus,  as  640 — ?,a  i  2,4  :;  637)^*  2,4:: 
797  :  3  :  :  12800 — x  i  x  :  :  797  +  3  ( — )  •  3  •• 
12800  :;r=:48  Pounds.  Wherefore  of  the  12S00  Pounds 
only  48  are  (pent  for  giving  a  Recoil  to  the  Cannon, 
the  other  i2772Pounds  fpmd  them(elves  inPreffureon 
the  Gun  and  Ball,  giving  it  a  Velocity  of  637,6  Feet 
per  Second, 
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while  hard  and  eladic  Bodies  rebound  'with  j 
equal  Force^  and  under  equal  Angles.  Hence, 
the  Reafon  of  Rowing  with  Oars,  and  the  ^ 
Swimming  of  Fijkes  in  Water  j  alfo  the 
Flying  of  Birds  in  Air^  the  Recoiling  of  ,{ 
Guns-,  the  retro-vertiginous  Motion  of  the 
JEolipile ;  the  Hydrojiatic  Paradox  j  and  „ 
many  other  Things  hereafter  occafionally  » 
mentioned,  are  accountable  for  on  this 
and  no  other  Principle. 

We  proceed  next  to  confider  the  Nature 
of  Motion  belonging  to  Bodies  which  defeend 
freely  by  the  Force  of  Gravity  in  Vacuo,  or 
an  unrefifting  Medium  :  And  this  kind  of 
Motion  we  fhall  find  affedled  with  the 
following  Properties,  viz.  (i.)  That  it  is 
equably  accelerated.  (2.)  That  its  Velo¬ 
city  is  always  proportional  to  the  Time  of 
the  Fall.  (3.)  That  the  Spaces  paffed  ‘ 

through  are  as  the  Squares  of  the  Times  or 
Velocities.  And  therefore,  (4.)  That  the  j. 
Velocity,  and  confequently  the  Momentum,  l. 
which  is  proportional  thereto,  is  as  the  |J 
Square  Root  of  the  Space  defeended  i4 
through.  (5.)  That  the  Space  paffed  '| 

through  the  firft  Second  is  very  nearly 
16-VV  Feet.  (6.)  That  a  Body  will  pafs 
over  twice  the  Space  in  an  horizontal  Di- 
redtion,  with  the  laft  acquired  Velocity  of  i 
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the  defcending  Body,  in  the  fame  Time 
(XXVI). 


(XXVI.)  I.  It  has  bfen  fhewn  [Annot.  XXI.)  that 
the  Motion  of  a  Body  falling  freely  by  its  Gravity  is 
equably  accelerated-,  and  that  iti  Velotity  is  at  all  Dijian~ 
ces  proportional  to  the  Time  of  the  Fall,  is  evident  from 
hence,  that  in  every  equal  Particle  of  Time,  the  Body 
receives  an  equal Impulfe  from  Gravity,  which  generates 
an  equal  Increment  of  Velocity;  which,  therefore,  as 
it  increafes  with,  muft  alfo  be  proportional  to  the 
Times. 

2.  That  the  Spaces  pajfed  thro'  are  as  the  Squares  of  the 
Times  or  Vehei  ies  is  hence  evident,  that  if  the  Time 
of  the  Fall  thro’  a  certain  Space  be  reprefented  by  Ar, 
and  the  Velocity  acquired  in  the  End  of  thatTime  be 
la-,  then  drawing  A<7,  the  Triangle  A  will  reprefent 

the  Space  pafs’d  thro’  in  that  Time.  For  if  we  conceive  P|ste  III. 
the  Line  Ai  to  be  divided  into  an  infinite  Number  of  5* 
equal  Parts,  and  thro’  each  of  thefe  Divifions,  Lines 
drawn  parallel  to  la,  thefe  will  reprefent  the  Velocities 
in  the  feveral  Particles  of  Time.  Now  the  Space  de- 
feribed  in  each  Moment  will  be  as  the  Velocity  (becaufe 
for  a  Moment  the  Velocity  maybe  confidered  as  uni¬ 
form)  confequently  the  Sum  of  all  the  Spaces  deferibed 
in  the  Moments  in  the  'l  ime  Ai  will  be  as  the  Sum 
of  all  the  Velocities,  or  Lines  parallel  to  \a,  which  re¬ 
prefent  them:  But  the  Sum  of  all  thefe  Lines  make  up 
the  Area  of  the  Triangle  Aitf,  therefore  the  whole  Space 
pafs’d  thro’  in  the  1  ime  Ai  will  be  as  the  Area  of  the 
Triangle  hia, 

3.  Therefore  the  Triangle  A 2^  reprefents  the  Space 
pafs’d  thro’  in  the  Time  A2,  and  the  Triangle  A3C  the 
Space  pafs’d  thro’  in  the  Time  A3,  andfoon.  But 
the  I  riangles  Kia,  h.7.b,  is'e.  are  fimilar,  and  there¬ 
fore  are  to  each  other  as  the  Squares  of  their  Sides  Ai, 

A2,  or  I <7,  2  b,  iAc.  That  is,  The  Spaces  are  as  the 
Squares  of  the  Times  or  Velocities. 

4.  Conlequently  the  Velocities  and  Times  of  the  Fall  are 
as  the  Square  Roots  of  the  Spaces  pafs’d  thro' ;  and  fince 

2  Hence 


Hence  it  follows,  that  if  one  Leg  AB 
of  a  right-angled  Triangle  reprefent  the 

the  Momeniim  of  a  Body  is  always  M=^Qy,  and  in 
this  Cafe  Q_being  a  given  Quantity,  we  have  M  :  V, 
or  the  Aitnunium  of  t'.e  Body  as  the  B elocityf  or  as  the 
Square  Rut  of  the  Height  thro’  which  the  Body  falls. 

5.  It  has  been  found  by  very  accurate  Experiments 
made  by  letting  Bodies  of  various  Sorts  fall  from  the 
Height  of  the  Dome  of  St.  Pauls,  to  the  Pavement, 
that  Gravity  accelerates  Bodies  in  the  beginning  of  their 
Fall,  at  the  Rate  of  16,13  Feet  in  the  firft  Second  of 
Time.  This  may  alfo  be  otherways  (hewn  a  priori, 
becaufe  we  demonllrate  that  the  Time  (T)  of  the  Vi¬ 
bration  of  a  Pendulum  ( in  the  Arch  of  a  Cycloid)  is  to 
the  Time  (  t  )  of  a  Body’s  falling  thro’  Half  the 
Length  of  the  Pendulum  QL)  as  the  Circumference  of 
a  cfircle  (  P  )  to  the  Diameter  (  D  ).  {Annotat. 
XXViiL  9.) 

6.  Again,  it  is  found  that  the  Length  of  a  Pendulum 
vibrating  Seconds  is  39’^  Inches.  Now  fince  T  ;  /  :  : 
P;D;  3,14159  :i,we  have  T":  P  :  :  3141 59"  :  1"  :: 

X  ;  .?L  ;  whence  we  have  x=:|,Lx3, 1 41 59'‘=i6  Feet=: 
the  Space  defcended  in  the  l  ime  of  one  Vibration, 
or  I  Second. 

7.  Since  the  Space  pafs’d  thro’  by  an  uniform  Motion 
in  the  I’ime  AB  with  the  Velocity  BC  is  ABxBC== 

■  ABCD=2ACB;  it  is  oy'idont  a  Body  moving  uni¬ 
formly  with  the  lajl  acquired  Velocity  BC  of  a  defending 
Body,  w:ll  move  thro’  twice  the  Space  in  the  Time  AB  of 
the  Fall. 

8.  It  is  farther  evident,  that  fince  the  Spaces  defcended 

thro’  in  each  Second  are  as  the  odd  Numbers,  i,  3,  5, 
9,  1I5  '1  *5?  Numbers  conftantly 

approach  nearer  and  nearer  to  an  Equality,  fo  the  acce¬ 
lerated  Motion  of  the  Defcent  does  by  Degrees  approach 
nearer  and  nearer  to  an  uniform  Motion  j  thus  the 
Spaces  10  I,  103,  105,  differ  but  little  ;  and  the  Spaces 
1001,  1003,  1005,  differ  lefs ;  but  when  we  come 
to  the  Spaces looocooooi,  1000000003, 1000000005, 

Hme 


I 


Mechanics. 


\  l’ime  of  the  Fall,  and  the  other  Leg  BC  the 
''  Velocity  acquired  at  the  End  of  the  Fall  j 
then  will  the  Area  ABC  of  the  Triangle 
reprefent  the  Space  paired  through.  And 
*hence  the  Spaces  defeended  through  at  the 
lEnd  of  every  Second  will  be  as  the  Square 
Numbers  i.  4.  9.  16.  25.  36.  &c.  and 
itlierefore  the  Spaces  pafs’d  through  in  each 
Second  feparately  will  be  as  the  odd  Num¬ 
bers  I.  3.  5.  7.  9.  11.  13.  15.  as  in 
the  Figure. 

The  next  Sort  of  Motion  is  that  of  Bo¬ 
dies  defeending  on  inclined  Planes,  and 
curved  Surjaces,  which  we  find  diftinguilh- 
ed  with  the  following  Properties.  (i.) 
The  Motion  on  the  inclined  Planes  is  equa¬ 
bly  accelerated,  as  arifing  from  Gravity. 
[2.)  The  Force  of  Gravity  compelling  a 
3ody,  as  A,  to  defeend  on  an  inclined 
Plane  BD,  is  to  the  abfolute  Force  of  Gra¬ 
vity  as  the  Height  of  the  Plane  BC  to  its 
Length  BD.  (3.)  The  Spaces  defeended 


Plate 
Fig.  I 


hefe  are  fo  very  near  equal,  that  the  Motion  may  now 
)e  efteem’d  uniform. 

9.  If  the  Defcent  be  in  a  refijling  Medium,  the  Mo- 
ion  will  adlually  become  uniform  at  a  certain  Diitance, 
nd  the  fooner  as  the  Medium  is  denfer  ;  thus  a  Body 
ailing  in  Air  will  be  longer  in  acquiring  an  uniform 


are  as  the  Squares  of  the  Times.  (4.) 
The  Times  in  which  different  Planes,  BD, 
BH,  of  the  fame  Altitude  BC,  are  paffed 
over,  areas  their  Lengths refpedtively.  (5.) 
The  Velocities  acquired  by  defeending 
through  fueh  Planes  at  the  lowed:  Points, 
DH,  are  all  equal.  (6.)  Tljerefore  if  a 

Motion  than  in  Water,  and  in  Quickfilver  it  will  foon 
obtain  it  ;  becaufe  as  the  Denfity  increafes,  fodoes  the 
Refiftance,  andconfequently  the  Increments  of  Velocity 
are  annihilated  in  the  fame  Ratio,  and  the  Motion  re¬ 
duced  to  Uniformity., 

10.  Bodies  of  the  fame  Matter  and  Figures  will  fooner 
come  to  an  uniform  Motion  as  the  Magnitudes  are  lef- 
fer  ;  for  ’tis  fhewn  (in  Geometry)  that  the  Quantities 
of  Matter  decreafe  in  Bodies  with  the  Cubes  of  the  Dia¬ 
meters,  but  the  Surfaces  decreafe  only  with  the  Squares 
of  the  Diameters.  And  fince  the  Refiftance  is  propor¬ 
tional  to  the  Surfaces  of  Bodies,  moving  in  the  fame  Me¬ 
dium  with  the  fame  Velocity,  it  will  follow  that  fmal- 
ler  Bodies  will  be  more  relifted  than  larger  ones,  and 
fo  come  fooner  to  an  uniform  Motion.  Hence  it  is, 
that  a  Body  reduced  to  Powder  defeends  very  flowly  and 
with  nearly  an  uniform  Motion  in  Water,  tho’  in  the 
Solid  much  heavier  than  Water.  Alfo  a  Bullet  fhot  from 
a  Gun  will  go  much  farther  and  with  a  greater  Velocity 
than  a  Charge  of  fmall  Shot  of  the  fame  Weight,  or  a 
Ball  of  Cork  of  the  fame  Size,  which  in  V acuo  would  go 
much  farther  than  the  Bullet,  as  admitting  a  greater  Ve¬ 
locity  with  a  lefs  Quantity  of  Matter,  from  the  fame 
Momentum  of  the  Powder. 

II,  If  Bodies  (equal  and  homogeneous)  move  in  the- 
fame  Medium  with  difterent  Velocities,  thofe  which 
move  fafteft  will  fooneft  acquire  an  uniform  Motion, 
fince  (as  will  be  fliewn)  the  Refiftance  in  fuch  a  Cafe 
increafes  with  the  Squares  of  the  Velocity.  If  the  Ve¬ 
locity  with  which  a  Body  is  projeded  downwards  be 

Body 
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Body  defcends  from  the  fame  Height  thro’ 
feveral  contiguous  Planes,  ever  fo  different 
in  Number  or  Situation,  it  v^ill  always  ac¬ 
quire  the  fame  Velocity  in  the  low¬ 
ed:  Point.  (7.)  The  Times  or  Velocities 
of  Bodies  defcending  through  Planes  fimi- 
larly  fituated,  or  alike  inclined  to  the  Ho¬ 
rizon,  as  DB,  EC,  will  be  as  the  Square  Fig.  2. 
Roots  of  their  Lengths  DB,  EC  (XXVII.) 

equal  to  the  uniform  Motion  of  a  freeDefcent,  the  Mo¬ 
tion  will  be  every  where  uniform,  becaufe  the  Refif- 
tance  of  the  Medium  is  equal  to  Gravity.  But' if  a  Bo¬ 
dy  (as  a  Ball  from  a  Cannon)  be  projedled  with  a  Ve¬ 
locity  greater  than  that,  the  Motion  will  be  retarded, 
inafmuch  as  the  Refiftance  is  now  greater  than  Gravity, 
and  fo  will  diminifli  the  uniform  Motion,  arifing  from 
the  Equilibrium  juft  mentioned. 

12.  Hence  light  Bodies  (as  an  Arrow)  thrown  di- 
reaiy  upwards,  fpend  lefs  Time  in  rifmg  than  falling, 
becaufe  the  Motion  upwards  is  altogether  retarded, 
whereas  that  of  the  Defcent  is  in  fome  Part  uniform! 

Alfo  the  greater  the  Velocity  with  which  a  Body  (as  a 
Bullet)  enters  a  denfe  Medium  (as  Water)  the  lefs 
the  Effedt  at  a  given  Diftance  therein  ;  and  with  the 
greater  Force  they  are  refleded  or  thrown  out  again, 
when  projeded  obliquely,  as  we  fee  in  a  Stone  thus 
thrown  into  the  Water,  ds’r. 

(XXVII.)  Let  BDbe  an  inclined  Plane,  A  a  Body 
defcending  thereon from  the  Centre  C  draw  CE  per-  Vf. 
pendicular  to  the  Plane,  and  CG  perpendicular  to  the 
Horizon  or  Bafe  CD,  and  meeting  the  Plane  in  F. 

Now  fince  the  Body  gravitates  in  the  Diredion  CF,  let 
CF  reprefent  the  Weight  of  the  Body  or  abfolute  PTrce 
:of  Gravity  ;  this  may  be  refolv’d  into  two  Forces,  ad- 
jing  in  the  Diredion  CE  and  EF,  of  which  the  firft  is 
perpendicular  to  the  Plane,  and  is  that  by  which  it 
.  VoL.  I.  I  From 
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From  thefe  Properties  of  Bodies  defcend- 
ing  on  Inclined  Planes,  we  deduce  the  fol¬ 
lowing  Corollaries,  mz.  (i.)  That  the 
Times  in  which  a  Body  defcends  through  j 

prefles  or  a£ls  upon  the  Plane  ;  but  fince  the  Plane  e- 
qually  afls  upon  the  Body  in  a  contrary  Diredtion,  that  i 
Force  CE  is  wholly  deftroy’d.  The  Remainder  there¬ 
fore,  EF,  is  that  which  carries  the  Body  down  the  j 
Plane,  as  adling  in  a  Direftion  parallel  thereto  ;  and  ■ 
this  is  call’d  the  relative  Gravity. 

2  Now  becaufe  of  the  fimilar  Triangles  CFE, 
DFG,DBC,wehaveCF  ;FE  ::  DF:FG::BD:BC  ; 
that  is,  the  abfolute  Gravity  CF  is  to  the  Reftdual  or  Re¬ 
lative  Gravity  FE,  as  the  Length  of  the  Plane  BD  to  the 
-  Height  thereofQC. 

3.  Al'o  fince  the  Triangles  BDC  and  BCI  are  fimi¬ 
lar  (Cl  being  drawn  perpendicular  to  BD)  ;  and  fince 
the  Spaces  defcribed  in  the  fame  Time  in  the  Perpen-  ! 
dicular  and  on  the  Plane  will  be  as  the  Powers  of  Gra-  ' 
vity,  or  accelerating  Forces  in  thofe  Diredlions,  that  is, 
as  BD  to  BC,  or  as  BC  to  BI  (for  BD  :  BC  BC  : 
BI).  Therefore  BI  will  be  the  Diftance  defcended  on 
the  Plane  in  the  fame  Time  as  a  Body  would  defcend 
freely  in  the  Perpendicular  from  B  to  C. 

4.  Since  the  Motion  on  the  Plane  Is  accelerated,  the 

Time  of  defcribing  BI  will  be  to  the  Time  of  defcribing 
BD,  as  s/Wl  ■  i/BD  ::  f  :  T  ;  and  fo  P  :  T^  ::  BI . 
BD;  but,  (becaufe  BI  :  BC  ::  BC  ;  BI^J  we  have  BT 
BD  ::  BI^  :  ;  therefore  P  ;  T^  ::  BD  :  and 

fo  / :  T  ::  BI  :  BC  ::  BC  :  BD  ;  confequet.tly  the  Time 
of  defcribing  BI  or  BC  will  be  to  the  Time  of  defending  ^ 
through  the  Platte  BD,  as  the  Height  of  the  Plane  BC  to  > 

its  Length  _  ii; 

5.  Hence  the  Time  (T)  of  defcending  thro’  any  ) 
other  Plane  BH  of  the  fame  Height  [Fig.  6.)  is  to  the 
Time  (t)  of  the  Defcent  thro’  the  Perpendicular  BC,  v. 
as  BH  to  BC  ;  that  is,  T :  /  ::  BH  ;  BC  ;  but  it  is  alfo 
T :  t  ::  BD  ;  BC;  therefore  ex  aquo,  we  have  T  ;  T ::  > 

the 
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the  Diameter  BC,  or  any  Chord  BE  of  a 
Circle,  are  equal.  Hence,  (2.)  All  the 
Chords  of  a  Circle  are  defcribed  in  equal 
Times.  (3.)  The  Velocities  acquired  in 

^  I 

BD :  BH ;  or  the  Times  of  defending  thro’  fveral 
Planes  BD,  BH,  of  the  fame  Height^  are  as  the  Length  of 
the  Planes, 

6.  The  Velocity  acquired  in  falling  to  C,  is  to 'the 
Velocity  at  I  as  BC  to  Bf,  (for  the  Velocities  generated 
in  the  fame  Time,  muft  be  ss  the  Powers  which  pro- 
duce  them).  Allb  the  Velocity  at  D  is  to  that  at  I  as 
v/BD  to  the  v/BI ;  or  V_;  :  v/BT ;  and 

fo  :  V’-  ::  BD  :  BI  ::  BC^  ;  BP  ;  therefore  V  :  V :: 
BC  :  BI ;  fince  then  the  Velocity  at  C  and  D  have 
■  both  the  fame  Ratio  to  the  Velocity  at  I,  they  muft  be 
equal  to  each  other. 

y.  In  the  fame  Manner  it  is  fhewn  that  the  Velocity 
at  H  is  equal  to  the  Velocity  at  C ;  and  confequently  the 
Velocities  acquired  in  defeending  thro’  Inclined  Planes 
of  the  fame  Height  are  always  equal. 

8.  Hence  a  Body  defeending  thro’  feveral  Inclined  pj 
Planes  Ab,  FE,  ED,  contiguous  to  each  other,  willjrj 
have  the  fame  Velocity  a^-the  Point  D,  as  it  would 
have  acquired  in  falling  freely  through  the  fame  per¬ 
pendicular  Height  BC,  for  the  Velocity  at  F  is  the  fame 
'it  would  have  had  by  defeending  thro’  GF,  which  has 
the  fame  Altitude;  and  the  Velocity  at  E  is  the  fame 
!  t  would  have  gained  by  defeending  thro’  BE  ;  confe- 
ijuently  the- Velocity  of  D  is  the  fame  it  would  acquire 
py  defeending  thro’  BD,  and  therefore  the  fame  it 
would  have  by  falling  freely  thro’  the  Perpendicular  BC. 

9.  If  now  we  fuppofe  the  Number  of  thofe  conti¬ 
guous  Planes  infinite,  and  their  Lengths  infinitely 
mall,  they  will  then  conftitute  a  Curve  Line  \  w’hence 
t  follows.  That  a  Body  defeending  thro’  the  Arch  of 
tny  Curve  BH  will  acquire  the  fame  Velocity  in  the 
oweft  Point  H,  as  it  would  have  at  C,  by  falling 
hro’  the  fame  perpendicular  Height  BC. 

I  2 
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defcending  through  any  Arch  of  a  Circle 
EC,  in  the  loweft  Point  C,  is  equal  to  that 
which  would  be  acquired  in  falling  through 
the  fame  perpendicular  Height  FC.  (4*) 
The  Velocities  acquired  in  defcending 


through  the  Chords  IC,  EC,  of  a  Circle, 


Plate  VI. 
Pig-  3- 


Plate  V. 

I. 


Fig. 


BC  = 


EC" 


FC 


and  for  the  fame  Reafon  BC — 


IC" 


wnence 


and  therefore  IC 


GC 
EC  :: 


10  If  there  are  two  Planes,  BD  and  CE,  fimilarly 
fituated,  or  alike  inclined  to  the  Horizon  AE  ;  the  Time 
of  the  Defcent  on  DB,  will  be  to  the  Time  of  the  De- 
feentonCE,  as  Square  Roots  of  their  Lengths ;  tor 
the  Time  on  BD  is  to  the  Time  thro’  BA,  asM  to 
BA  (by  Art  4.)  and  the  Time  on  CE  is  to  the  1  ime 
tliro’  CA,  as  CE  to  CA  ;  but  the  Times  thro’  BA  and 
CA  are  as  the  Square  Roots  of  BA  and  CA ;  and  lince 

by  fimilar  Triangles  we  have  =  v/CA  :: 

x/BD  :  it  follows, the  Times  of  Defant  on 

tvjofmillar  Planes  DB  W  CE  ar^  the  Square  Roots  of 

their  Lengths,  or  as  VBD  to  v/CE. 

1 1  From  what  has  been  demonftrated  in  the  prece- 
dincr  Articles,  it  follows,  (i.)  That  the  Times  of  de¬ 
fcending  from  B  to  I,  and  to  E,  are  equag  being  each 
equal  to  the  Time  of  Defcent  thro’  the  Perpendicu  ar 
BC,  (2.)  For  the  fame  Reafon  the  Defcent  thro  IC 
and'  EC,  and  confequently  thro’  all  the  Chords  of  a 
Circle,  are  equal.  (3.)  The  Velocitks  at  C  acquired 
by  the  faid  Defeents  are  as  the  Lengths  of  the  Chords 
IC  and  EC.  For  fince  BC  :  EC  ::  EC  :  CF,  we  have 


I 


EC"_I  C" 

FC'~’GC 

y/GC  ;  VFC;  that  is,  as  the  Velocities  in  the  De¬ 
feents  thro’  IC  and  EC.  (4-)  Laflly,  fince  the  Times 
of  Defcent  through  the  Planes  DB  aiid  EC  are  as 
\^DB  to  VEC,  they  will  alfobe  as  VBA  to  y/CA  j 
for  DB  :  EC  ::  BA;  CA. 


are, 
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are,  at  the  loweft  Point  C,  as  the  Lengths 
of  thofe  Chords.  (5.)  The  Times  of  De- 
fcent  through  Chords  of  fimilar  Arches 
DB,  EC,  are  as  the  Square  Roots  of  the 
Semidiameters  AB,  AC,  of  the  refpeftive 
Circles. 

From  thefe  Properties,  and  their  Corol-  Plate  V. 
laries,  the  Dodfrine  of  Pendulums  is  de-^'®’^' 
rived.  A  Pendulum  is  any  Body  B,  fuf- 
pended  upon,  and  moveable  about  a  Point 
A,  as  a  Centre.  The  Nature  of  a  Pendu¬ 
lum  confifts  in  the  following  Particulars. 

(i.)  The  Times  of  the  Vibrations  of  a 
Pendulum  in  very  fmall  Arches  are  all 
equal.  (2.)  The  Velocity  of  the  Bob  in 
the  loweft  Point  will  be  nearly  as  the 
Length  of  the  Chord  of  tlie  Arch  which  it 
defcribes  in  the  Defcent.  (3.)  The  Times 
of  Vibration  in  different  Pendulums,  A  B, 

AC,  are  as  the  Square  Roots  of  their 
Lengths.  (4.)  Hence  the  Lengths  of  Pen¬ 
dulums  AB,  AC,  are  as  the  Squares  of  the 
Times  of  their  Vibrations.  (5.)  The  Time 
of  one  Vibration  is  to  the  Time  of  De¬ 
fcent  through  half  the  Length  of  the  Pen¬ 
dulum,  as  the  Circumference  of  a  Circle  to 
its  Diameter.  (6.)  Whence  the  Length  of 
a  Pendulum  vibrating  Seconds  will  be 
found  39  Inches  nearly  ;  and  of  an  Half- 

I  3  Second 
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Semid  Pendulum  9,8  Inches,  {y.)  An 
Fig.  4.  uniform  homogeneous  Body  BG,  as  a  Rod^ 
Staff,  &c.  which  is  one  third  Part  longer 
than  a  Pendulum  AD,  will  vibrate  in  the 
fame  Time  with  it  (XXVIII.)  (8.)  This  ‘ 

<  •: 

(XXVIII.)  I.  As  the  Doarine  of  Pendulums  and  ,  h: 
Time-keeping  Inftrutnents  depends  in  a  great  Meafure  J  j 
upon  the  Cycloid,  I  think  it  necelTary  here  to  fliew  the 
Nature  and  Ufe  of  that  Curve,  with  regard  thereto.  If 
Plate  VI.  a  Circle  ABC,  infilling  on  a  right  Line  AL,  begin  to  ; 

Fig.  4.  revolve  in  the  Manner  of  a  Wheel,  from  A  towards  L, 
the  Point  A  will  by  its  twofold  Motion  defcribe  the 
Curve  A  C  D  1  L,  while  the  Circle  makes  one  Revolu¬ 
tion  from  A  to  L.  !i 

2.  This  Curve  is  called  the  Cycloid,  and  from  the  ^ 
Definition  ’tis  evident  ( i .)  That  the  Bafe  of  the  Cy-  | 
cloid  AL  is  equal  to  the  Periphery  of  the  generating.,  | 
Circle  BBC.  (2.)  The  Axis  of  the  Cycloid  FD  is 
equal  to  the  Diameter  of  the  faid  Circle.  (3.)  That 
the  Part  of  the  Bafe  KL  is  equal  to  *he  Arch  of  the 
Circle  IK.  (4 )  Therefore  KF  f=ME=:IG)  is  equal  - 
to  the  remaining  Arch  IH,  or  GD.  (5.)  That  the 
Chord  of  the  Circle  KI  is  perpendicular  to  the  Cycloid  1 
in  the  Point  I;  and  (6.)  Therefore  the  Chord  HI 
(being  at  right  Angles  with  IK)  is  a  Tangent  to  the 
Curve  in  the  Point  I.  (7.)  I'he  laid  Tangent  HI  is 
parallel  to  the  Chord  DG. 

3.  Parallel  to  El  draw  ei  indefinitely  near,  and  Jn  . 
perpendicular  thereto ;  then  will  the  T riangles  DGE, 
DGF,  Ini,  be  fimilar,  and  fo  we  have  DE  :  DG  ::  DG  ; 

DF  ::  hi:  li  ■,  that  is,  (putting  DFrrr^?,  and  DE=x,  -'I 

DI=z,)  A'  :  -'^K/ax-  «  ”  ^  ' 

Fluxion  of  the  Arch  DI,  whofe  Fluent  is  2  ax  =■ 

2  DGrcithe  Arch  DI  ■,  and  confequently,  the  Semicy- 
cioid  DIL  DF,  the  Diameter  of  the  generating 
Circle. 


4*  Let  AID  be  a  Semicycloid  inverted  ;  and  fuppofe 
a  flexible  String  fatten’d  at  one  end  in  A,  and  ftretch’d 
along  the  faid  Curve  AID,  fo  that  the  other  End  of  the 
String  fhould  be 'made  to  coincide  with  the  Point  D; 
whence  the  Length  of  the  String  will  be  equal  to  that 
of  the  Curve  :  If  now  the  End  of  the  String  be  ta¬ 
ken  from  D,  and  with  a  tight  hand  be  drawn  from  the 
Cycloid,  it  will,  ’in  its  Evolution,  defcribe  the  Curve 
DEC,  the  Nature  of  which  we  are  now  to  invettigate. 

Let  the  String,  in  evolving,  be  in  any  Situation 
AIHB,  then  is  IB  (called  the  Radius  of  Evolution )  equal 
to  the  Part  of  the  Cycloid  ID.  Put  FD=r  AK=:i7,  DE 
CO=:y,  CB  Z,  then  is  ^a—Op=j, 

B^  zr  !z;  and  (by  Jrt.  3.)  DI=  (IBrz)  2^/0  x,  whofe 


Fluxion  is  X  \/  —  I  / j  therefore  xY,  ■— 


(It- 


-I  n‘ 


x‘-a — xx‘ 


—  I  w'*,  whence  I  w  == 


■  a- 


\/a  X  y 


m 


’  but  I «  :  I  /  ;  f  B  <7  B  :  B^  =  ^  — 

. - - ,  and  It  :  ni  ::  I B  ;  M  B  =:  2v  j  therefore 

v/  a — .V 

BM  —  BN=MN  =  IQ^  —  ED=:x.  Confe- 
quently  B  H  =  Hi ;  and  alfo  C  K  zc  K  A,  becaufe  all 
the  Radii  of  Evolution  (of  which  A  C  is  the  laft)  are 
bifeetted  by  the  bafe  L D  j  therefore  C  K  —  OK  = 

<7 — X  —  OC  z=}> ;  whencev/ “  v/^  •*■,  and  fo  z  = 
\/f_'^_y  j  therefore  z  =  2  \/~ff ;  confequently  the 

\/ y 

Curve  CBD,  having  the  fame  Property  with  AID,  is 
every  way  equal  and  fimilar  thereto. 

6.  Whence  it  appears  that  if  AC  be  the  Length  of  a 
Pendulum  fo  difpofed,  as  to  vibrate  between  the  two 
Semicycloids  AD  and  AL,  the  Bob  will  defcribe  in  its 
Motion  the  Cycloid  DCL.  I'he  Properties  of  which 
Motion  will  now  eafily  appear  ;  For  with  refpeft  to  the 

I  4  Velocity 


■ 

I  \.,l 

■  'L: 


L  '  •> 
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Velocity  acquired  by  defcending  thro’  any  Arch  R  C  or 
B  C,  it  is  always  as  y/O  C  which  is  as  the  Chord 
S  C  =  4  RC  ;  confequently  the  Velocity  at  C  is  every 
■where  as  the  Space  pajfed  through,  or  as  the  Arch  of  the  'I 
Cycloid  defcribed  in  the  Defcent,  ^ 

7.  But  fince  it  is  always  S  =  TV,  in  all  kind  of  [i 
Motions  ;  if  in  any  Cafe  S  be  as  V,  ’tis  evident  T  muft  h; 
be  a  given  Quantity,  or  always  the  fame.  ^  That  is,  }, 
When  the  Spaces  (S,  r,)  are  as  the  Velocities  (V,  7;,) 
the  Times  (T,  t,)  will  be  always  equal;  and  therefore 
all  the  Arches  of  a  Cycloid,  great  or  Jsnall,  are  defcribed  in 
equal  Times. 

8.  If  we  put  C  K  =  r?,  K  O  =:  *•,  then  will  2  S  C  = 

R  C=:2  y/«  a^^^x ;  if  the  Defcent  be  from  L^o  R,  the 
Velocity  at  R  will  be  ^  a*  =  y/OK.  Now  CO  :  J 

■  CS  (  ::  CS  :  CK)  Rg  :  Rr  —  the  ' 

V  a  a — ax 

Fluxion  of  the  Arch  L  R,  which  divided  by  the  Velo-  ; 

ax  I 

city  y/^  gives  the  Fluxion  of  the  Time  =  - 

= _ _ . -  ;  but  — =^^==-is  r:  theFlu- 

«  X  y/  Zfax — XX 

xion  of  the  circular  Arch  KS  ;  therefore  the  Fluent  of  i 
the  Time  of  Defcent  thro’  L  R  is  the  Arch 

V  a 

wherefore  when  S  coincides  with  C,  L  R  will  become 
LC;  andfo  the  Time  of  Defcent  thro’  the  Semicy^" 

cloid  will  be  ^  ll 


9.  Therefore  the  Time  of  Vibration  thro’  the  whole 

Cycloid  LCD  is  and  the  Time  of  Defcent 

^  v/  __ 

thro’ the  Perpendicular  KC  being  as  2  y/ «  > 

::  2  K  S  C  ;  The  Time  of  a 

I 


have  :  is/  a 

\/  a 


Vibration 
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Vibration  in  the  Cycloid  is  to  the  ‘Time  of  Defcent  thro' 
pa f  its  Length,  as  the  Circumference  of  a  Circle  to  its 
Diameter,  or  as  3,14159  to  i. 

;  10.  ]f  A  C  be  the  Lens;th  of  a  Pendulum  vibrating 

Seconds,  it  may  be  eafily  found,  fince  it  is  known  by 
moft  accurate  Experiments,  that  a  Body  defcends  freely 
iby  Gravity  thro’  193!  Inches  in  the  firit  Second  of 
Time;  therefore  by  making  this  Analogy,  as  3,  14159'^ 

;  i""  ::  193^:  19,6  =  A  K,  and  fo  A  C  39,2 
Inches,  the  Length  of  a  fecond  Pendulum,  as  requir'd. 
And  fince  the  Lengths  are  as  the  Squares  of  the  Times 
pf  Vibrations,  we  have  4:1::  39,2  ;  9,8  Inches,  the 
Length  of  an  half-fecond  Pendulum. 

11.  Since  the  Length  of  a  Pendulum  A  C,  for  vi¬ 
brating  Seconds,  is  fo  confiderable,  the  Bob,  without 
ithe  Cycloidal  Checks  A  L  and  A  D,  will  indeed  de- 
fcribe  the  Arch  of  a  Circle,  zs  fC  e,  when  it  vibrates, 
but  then  this  Circular  Arch  will,  for  fome  Diftance  on 
each  Side  the  loweft  Point  C,  coincide  with  the  Cy¬ 
cloid  very  nearly;  as  for  Ex^ample,  to  g  and/;;  and 
hence  it  follows  that  a  common  Pendulum,  vibrating 
through  very  fmall  Arches  gh,  will  perform  all  its  Vi¬ 
brations  in  equal  Times.  And  hence  the  above-men¬ 
tioned  Cycloidal  Checks  came  into  Difufe. 

12.  Hence  the  Time  of  Defcent  through  the  Chord 
C^  is  to  the  Time  of  Defcent  through  the  Arch  of  the 

Circle  or  Cycloid  belonging  to  it  as  1^4  «  (fuppofing 
4  P 

h  C  —  T.  a )  to  -  ,  or  as  2  <2  to  4  Pj  that  is,  aS'«  to 

V  a 

^P_32MT59  _  0,7854,  or  as  i  to  0,7854,  which  is 

\the  Proportion  of  a  Square  to  its  infcriled  Circle. 

13.  In  all  that  has  been  hitherto  faid,  the  Power  of 
Gravity  has  been  fuppofed  conftantly  the  fame.  But  if 
the  jfaid  Power  varies,  the  Lengths  of  Pendulums  muft 
[Vary  in  the  fame  Proportion,  in  order  that  they  may 
vibrate  in  equal  Times;  for  we  have  Ihewn  that  the 
Ratio  of  the  Times  of  Vibration  and  Defcent  through 
half  the  Lengths  is  given,  and  confequently  the  Times 
|of  Vibration  and  Defcent  through  the  whole  Length  is 
given  ;  But  the  Times  of  Vibration  are  fuppofed  equal. 


I 


Centre 
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Centre  of  Ofcillation  E  in  the  Rod,  is  alfo  ‘ 
the  Centre  of  Percufion,  or  that  Point  in 
which  the  Force  of  the  Stroke  is  the  great- 
eft  pofuble  (XXIX). 

therefore  th?  Times  of  Defcent  thro’  the  Lengths  of 
the  Pendulums  are  equal.  But  Bodies  defcending  thro’ 
unequal  Spaces  in  equal  Times  are  impell’d  by  Powers 
that  are  as  the  Spaces  defcribed,  that  is,  ihe  Poivers  of  • 
Gravity  are  as  tke  Lingihs  of  the  Fenduium:.  See  Annot.  ; 
XXVII.  Art.  2.  and  3.  '! 

PlateVI.  (XXIX.)  i.  If  A  B  be  an  uniform  Rod  vibrating 
Fig-  6.  ^bout  tire  Point  A,  the  Velocities  of  every  Point  D,  C, 
B,  will  be  as  the  Arches  D  E,  C  F,  B  G  defcribed  in 
the  fame  Time  j  but  thofe  Arches  are  as  A  D,  A  C,  ; 
A  B;  confequently  the  V el. city  of  every  Point  is  proper- 
ticnal  to,  its  Dijlan.e  from  the  Center  of  Motion  A,  ,  , 
2.  Therefore  if  a-  reprefent  the  Length  of  the  ; 
Line,  if  will  reprefent  *alfo  the  Sum  of  a.!l  the  Ve- : 
Ipcitjes,  of  which  a  will  be  the  Fluxion  ;-^therefore  ,i 
X  X  will  be  the  Fluxion  of  the  Momenta.,  and  fo  f 


the  Fluent— will  be  the  Sum  of  all  the  Momenta, 
z 

which  divided  by  the  Quantity  of  Matter  a,  will  give 

1  for  an  Expreffion  of  all  the  Velocities" on  each  Side  i 

the  cominon  Center  of  Gr^ivity  of  2II  the  Points,  which  1 
therefore  is  in  the  middle  Point  of  the  Line  A  B. 

3.  In  regard  of  ftriking  an  Objed,  the  Momentum  of  < 
each  Particle  will  be  increas’d  in  Propo^rtion  to  its  Ve-  - 
locicy  and  Diflance  from  the  Center  A,  and  this  is  call’d  J 
the  Force  of  the  Particle ;  therefore  if  the  Fluxion  of 
the  M.omenta  X  X  be  multiplied  by  the  Velocity  x,  the. 
Product  XXX  will  be  the  f  luxion  of  the  Forces  of  all 


x^ 

the  Particles :  The  Fluent  of  which  —  will  be  the  Sum 

of  all  the  Forces,  which  divided  by  the  Sum  of  all  the 

Momenta  --  will  give  lx  —  Diftance  of  the  Center  of 
2  ■' 

Forces  from  the  Point  A.  In  this  Center  C,  therefore,  the 
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From  thefe  Properties  of  the  Pendulum 
live  may  difcern  its  Ufe  as  an  univerfal 
[Chronometer,  or  Regulator  of  Time,  as 
It  is  ufed  in  Clocks  and  fuch-like  Machines. 
By  this  Inftrument  alfo  we  can  meafure 
the  Diftance  of  a  Ship,  by  meafuring  the 
nterval  of  Time  between  the  Fire  and 
he  Sound  of  the  Gun;  alfo  the  Diftance 
f  a  Cloud,  by  numbering  the  Seconds  or 
Balf-Seconds  between  the  Lightning  and 
hunder.  Thus,  fuppofe  between  the 
i^ightning  and  Thunder  we  number  lo 
seconds;  then,  becaufe  Sound  pahes 
hrough  1142  Feet  in  one  Second,  we 
lave  the  Diftance  of  the  Cloud  equal  to 
111420  Feet.  Again;  the  Height  of  any 
loom,  or  other  Object,  may  be  meafured 
py  a  Pendulum  vibrating  from  the  Top 
hereof.  Thus,  fuppofe  a  Pendulum  from 
he  Height  of  a  Room  vibrates  once  in 
tree  Seconds ;  then  fay.  As  i  is  to  the 


[orce  of  all  the  Particles  will  be  united,  and  confe- 
uently  this  Point,  and  no  other,  will  ftrike  with  the 
orce  of  the  whole  Rod,  which  is  therefore  called  the 
Renter  of  Percussion. 

4.  This  Point  is  alfo  the  Center  of  Ofcillation  or  Vi- 
ration ;  for  fince  it  ftrikes  with  the  Force  of  all  the 
iarticles  in  the  Line  A  B,  it  will  move  in  the  fame 
flanner  as  if  all  the  Particles  were  in  that  Point  coi¬ 
ned  together,  that  is,  it  will  ofcillate  or  vibrate  in  the 
jme  time  with  a  llngle  Pendulum,  whofe  Length  is 


Ijual  to  that  Diftance,  viz.  |  of  A  B, 


Square 
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Square  of  3,  viz.  9,  To  is  39,2  to  352,8 
Feet,  the  Height  required.  Laftly,  by  the 
Pendulum  we  difcover  the  different  Force  > 
of  Gravity  on  diverfe  Parts  of  the  Earth’s  1 
Surface,  and  thence  the  true  Figure  of  the , 
Earth  (XXX). 

(XXX.)  I.  Since  it  is  found  by  Experiment,  that  a 
Pendulum  under  the  Equator  vibrating  Seconds  is  fhorter  \ 
by  t';,  of  an  Inch  than  fuch  an  one  in  our  Latitude ;  it  ] 
follows,  that  the  Gravity  under  the  Equator  is  to  thCj 
Gravity  with  us,  as  391  to  392;  as  being  propor-;, 
tional  to  the  Lengths  of  the  Pendulums  ( /tnnotat. 
XXIII.  Jf  t.  I  3. )  Whence  it  is  evident  the  Surface  ofj 
the  Earth  is  farther  diftant  from  the  Centre  under  thCj 
Equator  than  in  our  Latitude,  and  therefore  is  not  Sphe*. 
rical.  What  the  true  Eigure  is,  and  whence  it  pro- : 

ceeds,  wili  be  fhewn  hereafter.  _  r 

2.  To  the  Ufes  of  a  Pendulum  above-mentidn’d  may 
be  added  another  moft  confiderable,  viz'.  That  a  Pendu-l 
hm  is  an  univerjal  Standard  of  Meafure,  becaufe  the: 
Length  of  any  Pendulum  is  known  by  the  Time  of  its. 
Vibration;  and  therefore  may  be  compared  with  the^ 
Length  of  a  Second  Pendulum  as  a  Standard.  Thusj 
fuppofe  a  Japonefe  was  enquiring  the  Length  of  the) 
Eng'ijh  Foot,  and  was  told  it  made  100  Vibrations  iiif 
the*^l  ime  a  Second  Pendulum  made  5^,  he  would  im-l 
mediately  know  the  Time  of  a  fingle  Vibration  in  each; 
muft  be  inverfely  as  thofe  Numbers,  •viz.  as  55  tcj 
ioo;  \and  then,  that  the  Lengths  of  thofe  Fendulumij' 
were  as  the  Squares  of  the  Times,  viz.  as  lOO"  :  55’! 
::  39,2  :  1  2  —  the  Length  of  one  Foot.  i 

3)  Hence,  if  the  Length  of  a  Second  Pendulum  werd 
made  to  confift  of  1000  equal  Parts,  the  Lengths  o::| 
the  Meafure  made  life  of  by  all  Nations  might  be  com  :j 
pared  therewith,  and  exprefs’d  in  thofe  Parts ;  thus  thci 
Eriplifo  Foot  would  be  found  equal  to  306,9  nearly  ' 
for°as  39,2  :  12::  1000.:  3d6,9/^r<'.  And  thus  foi 
anv  other.  If  this  Method  of  afcertaining  the  Mea^ 

^  Thi 
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The  greateft  Inconvenience  attending 
this  moft  ufeful  Inftrument  is,  that  it  is 
conftantly  liable  to  an  Alteration  of  its 
Length  from  the  Effedts  of  Heat  and  Cold, 
which  very  fenfibly  expand  and  contraft 
all  Metalline  Bodies,  as  will  be  very  evi¬ 
dent  by  CniQ  Pyrometer  (XXXI). 


fures  were  ufed  by  all  Nations,  it  would  entirely  pre¬ 
clude  all  Doubts  and  Obfcurity  in  this  Affair  to  Po- 
fterity. 

(XXXI.)  I.  The  Pyrometer  which  I  have  c  n- yj 
trived  to  fliew  the  Extenfion  of  heated  Metals,  ietc.  is  p.  g  ' 
•perhaps  the  moft  fimple,  exaft,  and  eafy,  that  the  Na-  S* 
ture  of  fuch  a  Machine  will  admit;  and  the  Manner 
of  computing  its  EfFeift  is  as  follows : 

2.  A  B  is  the  Diameter  of  the  Axis  or  Spindle  on 
which  the  heated  metalline  Bar  is  laid,  and  is  moved  by 
its  Extenfion  ;  on  the  other  End  is  fixed  a  fmall  Wheel 
C  D  E,  which  is  connected  by  a  filken  Thread  to  a 
fmall  Pinion  Wheel  G  H,  which  on  its  Extremity  car¬ 
ries  a  fine  Index  over  the  Divifions  of  a  large  graduated 
Circle  I  K  L, 

3.  Now  admitting  the  metalline  Rod  extends  toxws 

Part  of  an  Inch,  ’tis  plain  the  Circumference  of  the 
Axis  A  B,  on  which  it  lies,  muft  be  moved  through  the 
fame  Space ;  and  fuppofing  the  Wheel  D  E  to  be  in 
Diameter  10  Times  as  large  as  the  faid  Axle  A  H,  the 
Motion  at  D  will  be  lO  Times  as  great,  or  the  Point 
D  will  move  through  toW  Part  of  an  Inch.  But 
juft  fo  much  as  D  moves,  will  the  Periphery  of  the 
Pinion  G  H  move,  they  both  moving  with  the  fame 
Thread;  if  therefore  the  Circle  I  K  L  be  in  Diameter 
10  Times  as  large  as  that  of  the  Pinion  G  H,  the  Mo¬ 
tion  of  the  Index  (which  it  carries)  on  its  Circumfe¬ 
rence  W'ill  be  JO  Times  as  great,  viz.  tIs  Part  of  an 
Inch,  which  will  be  vifible  to  the  Eye ;  Confequently 
every  Inch  on  the  graduated  Circle  will  fhew  the  ex»  . 
tenfion  of  (100  X  slo  Part  of  an  Inch  in  the 

When 
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When  Pendulums  were  firft  applied  fo  * 
Clocks,  they  were  made  very  Ihortj  and  : 

Metal.  And  fo  if  the  whole  Circumference  of  the  ! 
Circle  IKL  be  lo  Inches,  one  Revolution  of  the  In-  ^ 
dex  will  fhew  the  Expanfion  of  -,0  of  an  Inch  in  the 
Metal. 

4.  Hence^  it  is  eafy  to  obferve,  that  if  the  Wheel  i 
C  D  E,  and  Circle  I  K  L,  be  enlarged  in  any  Proportion  . 
to  the  Axles  A  B  and  G  H  greater  than  what  I  have 
aflign’d,  the  Power  or  Effeft  of  the  Machine  wdll  be  ' 
increafed  in  the  fame  Degree ;  and  hence  this  Inftru;" 
ment  may  be  conftruded  to  fiaew  very  great  Expanfions 
of  the  Metals  with  the  utmoft  Degree  of  Accuracy. 

5.  The  Reader  may  be  curious  to  know  in  what  , 
Proportion  the  feveral  Sort's  of  Metals  are  expanfible, 
which  I  fhall  here  ftiew  in  a  7'able  made  from  the  Ex¬ 
periments  of  Profeffor  Mufchenbroek,  with  i,  2,  3,  4,  5)  . 
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6.  Here  w’e  obferve  the  Expanfion  of  Iren  to  be  the  ^ 
leaft  of  all  Metals,  and  that  of  T/wand  Lead  the  greateft,  . 
and  nearly  equal  with  one  E'lame.  Hence  the  Rods  of 
Pendulums  ought  to  be  made  of  Iron,  and  alfo  all  ;  j 
Meafures  of  Length,  as  Yards,  &c.  and  whatever  elfe  ; 
we  would  not  have  alter’d  by  Heat  and  Cold.  , 

y.  The  Method  of  remedying  the  Inconvenience 
arifmg  from  the  Extenfion  and  Contradlion  of  the  Me¬ 
talline  Rod  of  Pendulums,  is  by  applying  the  Bob  with 
a  Screw,  by  which  means  the  Pendulum  is  at  any  Time  r) 
made  longer  or  ftiorter,  as  the  Bob  is  ferew’d  down¬ 
wards  or  upwards,  and  fo  the  Time  of  its  Vibration  is 
continually  the  fame. 

8.  If  a  Glafs  or  Metalline  Tube,  uniform  through- 
out,  fill’d  with  Quickfilver,  and  the  Length  of  58,8 

8  the 
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the  Arches  of  the  Circle  defcribed  being 
large,  the  Times  of  Vibration  through 
jiifferent  Arches  could  not,  in  that  Cafe, 
be  equal}  to  effedl  which,  the  Pendulum 
was  contrived  to  vibrate  in  the  Arch  of  a  . ,  _ 
'Cycloid,  the  Property  of  which  Curve  is, 

\hat  a  Body  will  defcend  Jrom  any  Part  thereof 
‘0  the  low  eft  Point  in  the  fame  Time^  and 
iboner  than  by  any  other  Way  (XXXII). 

inches,  were  applied  to  a  Clock,  it  would  vibrate  Se^ 
mds  (for  39,2  |  of  58,8)  and  fuch  a  Pendulum  ad- 

hits  of  a  twofold  Expanilon  and  Contradfion;  viz.  one 
jif  the  iMetal  and  the  other  of  the  Mercury,  and  thefe 
vill  be  at  the  fame  Time  contrary,  and  therefore  will 
orrecl  each  other. 

9.  For  by  what  we  have  fhewn,  the  Metal  will  ex¬ 

end  in  Length  with  Heat,  and  fo  the  Pendulum  will 
ibrate  flower  on  that  Account.  The  Mercury  alfo 
Wll  expand  with  Heat,  and  fince  by  this  Expanflon  it 
lull:  extend  the  Length  of  the  Column  upward,  and 
jonfequently  raife  the  Center  of  Ofcillation-.,  fo  that  by  ^ 

ais  means  its  Diftance  from  the  Point  of  Sufpenfion 

dll  be  Ihorten’d,  and  therefore  the  Pendulum  on  this 
liccount  will  vibrate  quicker;  Wherefore  if  the  Cir- 
lumftances  of  the  Tube  and  Mercury  are  Ikilfully  ad- 
ifted,  the  Time  of  the  Clock  might  by  this  Means, 
br  a  long  Courfe  of  Time,  continue  the  fame,  with- 
ut  any  fenfible  Gain  or  Lofs. 

10.  This  the  Invention  of  Mr.  Graham  in  the 
fear  1721,  who  made  a  Clock  of  this  Sort,  and  com- 
ared  it  with  one  of  the  beft  of  the  common  Sort  for 
bree  Years  together,  and  found  the  Errors  of  the  for- 
ler  but  about  ^  Part  of  the  latter;  of  which  the  Reader 
lay  fee  a  farther  Account  in  Phil.  Tranf.  392. 

i  (XXXll.)  I.  How  far  the  Cycloid  is  concern’d  in  the 
endulum,  has  been  Ihewn;  I  fhall  now  Ihew  that  this 
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Plate  VI. 
Fig-  7- 
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The  Motion  of  Projectiles  comes' 
next  to  be  confider’d.  A  Projectile  isj 


is  the  Curve  of  quickef  Defcent ;  for  let  A  H  C  be  th{ 
Curve  of  quickeft  Defcent,  then  will  a  Body  defcend-; 
ing  from  A  pafs  from  H  to  D  fooner  in  an  Arch  of  thi^: 
Curve  than  in  any  other,  between  H  and  D ;  let  the 
Point  G  be  taken  fuch,  that,  drawing  H  F,  G  E  parallel' 
to  the  Axis  A  B,  they  may  cut  off  I  G  =  E  D,  in  thj 
Perpendicular  K.G  and  LD.  Since  the  Point  D  ii 
given,  L  D  is  conftant,  as  alfo  I  G  =  D  E,  becaufe 
the  Point  H  is  invariable,  and  therefore  alfo  K  G  i 
conftant:  but  the  variable  Quantities  are  HI,  HG. 
and  G  E,  G  D. 

'  2.  Now  put  K  G  —  L  D  —  f,  and  I  G  —  E I 
d ;  alfo  H  I  =  -y,  and  G  E  =  z ;  then  will  the  Vel(5' 


city  of  the  Body  at  G  be  as  K  G,  and  at  D  a 
y/~LD.  And  ilnce  the  Times  are  as  the  Spaces  pafs\ 
over  direaiv,  and  the  Velocities  inverfely,  the  Timi 

HG 

of  palling  thro’  H  G  will  be  as  —  \/  ^  > 


G  D 


and  the  Time  of  defcribing  G  D,  as  “ 

fd~  -p  Z2- 


v/' 


3.  But  the  Sum  of  thofe  Times  is  the  leaft  polllbh 
viz.  Minimum.  Confequeni; 

*  V'  L  r 


V  ^ 


%  % 


=:  0.  C: 


ly  its  Fluxion  +  + 

but  fince  H  F  cz  y 


V  ^ 


%  % 


%  za  a  conftant  Quantity,  we  have  <£»  -f-  z  —  e,  and  1 

'  V  2 

^  —  —  i ;  and  therefore 


b  I  y/  “b  f  \/ d^-\-z 


therefore  v  Ci  d'^  f  -  zd'  —  zb  ^  y/  d  v  ,  when<. 

an 
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any  Body  A,  thrown  or  projedted  in  an 
upright,  oblique,  or  horizontal  Diredlion  j 
as  a  Stone  from  the  Hand,  an  Arrow  from 
the  Bow,  or  a  Ball  or  Bomb  from  a  Can¬ 
non  or  Piece  of  Ordnance.  The  Force 
with  which  the  Body  is  projedfed  is  call’d 
the  Impetus,  and  the  Diflance  to  which 
it  is  thrown  is  call’d  the  Horizontal  Ran¬ 
dom  or  Amplitude  of  the  Projedlion. 

Every  Projedlile  is  adled  upon  by  two 
Forces  or  Powers,  Az.  the  Impetus  of  the 


:  '  ■  ' 

■  1  *  : 

r.  ■■  ^ 


^  \  v  c{  :  z  •,  that  is,  G  D  : 

GH::HIXLDt:GEXK  G^. 

4.  But  G  D,  H  G  are  the  Fluxions  of  the  Curve ; 
[HI,  G  E,  the  Fluxions  of  x\\q  AhfciJJcE  AM,  AK; 
land  KG,  L  D  are  the  Ordinates  to  the  Points  G  and  D. 
Therefore  the  Fluxions  of  the  Curve  of  fwifteji  Defcent  are 
\every  where  as  the  Fluxions  of  the  Abfciflae  direSily,  and 
the  Square  Roots  of  the  Ordinates  inverfely, 

5.  But  this  is  the  Property  of  the  Cycloid  ;  for  put¬ 
ting  AKzzx-,  KG  =:BN  ~y,  and  BC  r:  a ;  the 
Triangles  O  N  C  and  G  E  D  are  fimilar  by  the  Nature 
pf  theCurve ;  and  therefore  ON  :OC::GE:GDj 

,  ^  i  - - 1  .  X  X  ^ 

;nat  is,  ay — y y  ^  ;  aa — yyi  ••  ^  -  f- —  r:; 


X  X  a^X  a — y‘ 


y"-  X 


ay  ~y  yii 

X 

=  G  D  i  but  a^is  a  given 


X 

^antity,  therefore  G  D  is  everywhere  a  ~T,  or  di- 


Tctly  as  the  Fluxion  of  the  Abfcifs  A  K,  and  inverfely 
IS  the  Square  Root  of  the  Ordinate  R  G,  and  confe- 
juently  the  Cycloid  is  the  Curve  of  fwiftef  Defcent, 
iee  Annotat.  XXVllI.  3. 
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projeSlUe  Force,  and  that  of  Gratuity.  By  1; 
the  firft,  the  Body  paffes  over  equal  Spaces,  ,1 
AB,  BC,  CD,  &c.  in  equal  Fimes',  and  1 
by  the  fecond,  it  defcends  through  Spaces  .< 
A  G,  AH,  A  I,  which  are  as  the  3 
Squares  of  the  Fitnes and  therefoie  by 
thefe  two  Forces  compounded,  the  Body  \ 
will  deferibe,  not  a  Right  Line,  but  a  ; 
Curve  A  and  of  that  Sort  which  we  i 
call  a  Parabola  j  and  this  will  be  the  Cafe 
in  all  Direftions  but  that  in  the  Perpendi-  ' 
cular,  when  the  Path  of  the  Projeftile  will 
be  (to  Appearance)  a  Right  Line.  The 
•  greater  the  Angle  of  Elevation  K  A  M  of 
the  Cannon  is,  the  greater  will  be  the  ^ 
Height  D  B  to  which  the  projefted  Body  :| 
will  rile.  Allb,  the  greater  will  be  the  | 
Diifance  or  Amplitude  of  the  Piojeftion,  ! 
till  the  faid  Angle  becomes  equal  to  45 
Degrees  KAO;  upon  which  Elevation  the 
Random  AC  will  be  the  greatell  poffible, 
and  equal  to  twice  the  Altitude  A  G  of  , 
the  perpendicular  Projection.  On  any 
Elevation  AM  or  AM,  equally  above  or 
below  45  Degrees,  as  on  40  and  50,  30  ' 
and  60,  20  and  70  Degi'ees,  the  Random  “I 
A  C  will  be  the  fame ;  which  Cafe  an  En¬ 
gineer  frequently  Ends  of  very  great  Ufe. 

If  the  Objeft  be  fituated  above  the  Ho-  - 
rizon,  then,  in  order  to  ftrike  it  with  the 
Icafl  Impetus^  let  a  Piece  of  Looking-glafs  ' 
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Mechanics. 

be  fix’d  to  the  Cannon  perpendicular  to 
its  Axis  5  and  holding  a  Plumb-Line  over 
the  Glafs  diredlly  under  the  Eye,  the  Can¬ 
non  is  to  be  elevated  till  the  Objedt  appears 
exadly  under  the  Plummet,  dnd  there  fix’d; 
if  then  it  be  difcharged,  it  will  ftrike  the 
Objedl  as  required. 

From  what  has  been  faid,  wemayeafily 
underftand  how  a  Body  projedted  upright 
from  the  Earth’s  Surface  does  really  de- 
fc!ribe  a  Parabola,  though  to  Appearance 
it  afcends  and  defcends  in  a  Right  Line. 
For  it  is  urged  by  two  Forces,  'uiz,  the 
Projedlile  upwards,  and  the  Force  arifing 
from  the  Motion  of  the  Earth  about  its  Axis 
from  JVeJl  to  EMfi ;  in  which  Cafe  it  mull 
neceflarily  defcribe  a  Parabola  (XXXII/). 
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(XXXIII.)  I,  In  the  Parabola,  It  Is  demonftrated  v 
that  the  kwetzl  Abfeiffis  AG,  AH,  A  I,  iAc,  areasp-iy  ^  c 
the  Squares  of  the  Ordinates  GM,  HN,  I O, 
and  fince  this  is  the  Property  of  the  Curve  which  the 
Projedlile  deferibes,  ’tis  evident  the  Proje£li!e  deferibes 
a  Parabola, 

2.  Let  A  M  reprefentthe  Force  with  which  a  Ball  is  Fig. 
projeded  from  the  Cannon  in  the  Diredion  AM; 

Ithis  may  be  refolved  into  two  others  A  L  and  L  M,  of 
which  the  firft  is  perpendicular,  and  the  latter  parallel 
to  the  Horizon.  The  perpendicular  Force  or  Velocity 
A  L  is  that  by  which  the  Bhll  rifes,  and  the  Heights  to 
which  it  will  rife  with  the  Velocities  AL  and  AM 

are  as  the  Squares  of  the  Velocities,  viz.  as  AL  to 
^  * 

AM;  but  (becaufe  A  L  :  A  M  ::  A  M  :  A  G)  A  L  : 

AM::  A  L  :  A  G ;  therefore  fince  A  G  reprefents  the 

AM  K  2  I  SHALL 


Me  ch  an  ics. 

I  SHALL  in  the  laft  Place  confider  the  ^ 
Nature  of  Circular  Motion  and  Cen-  , 

Heic^ht  to  which  the  Ball  will  rife  with  the  Veloci-  i 
ty  A  M,  A  L  will  be  the  Height  to  which  it  will  rife  ' 
with  the  Velocity  A  L  or  in  the  Projeaion  on  the  ' 
Elevation  A  M ;  thus  B  D  rr  A  L.  ^  _ 

3.  The  Velocity  of  the  Projeaion  LM  in  the  hon-  j 

zontal  Direaion  is  every  where  uniform,  or  carries  the  ' 
Ball  through  equal  Spaces  A  R,  R  S,  S  T,  T  V,  j 

in  equal  Times.  For  by  the  fmgle  Impetus  of  Pow-  ' 
der,  the  Ball  deferibes  equal  Spaces  A  B,  B  C,  C  D,  ^c.  ^ 
in  equal  Times  in  the  Direaion  A  F,  as  has  been  ^ 
Ihewn  ;  therefore  by  the  Similarity  of  Triangles  A  R,  ^ 
RS,  ST,  fs’r.  will  be  as  A  B,  B  C,  CD,  i^c.  that 
is,  the  horizontal  Spaces  pajs  d  over  in  the  Projedlion,  willf  j 

in  equal  Times,  be  equal.  _  _  , 

4.  Now  fince  the  perpendicular  Velocity  is  to  the 
horizontal  Velocity  as  A  L  to  LM,  and  A  Lis  the 
Space  pafs’d  through  by  the  former  in  half  the  Time  of 
the  Projeaion,  L  M  would  be  the  Space  pafs’d  through  j 
in  the  horizontal  Direaion  in  the  fame  Time,  if  the 
Velocity  L  M  were  of  the  fame  Sort  with  A  L,  viz. 
uniformly  retarded  and  accelerated ;  but  fince  L  M  is  not 
retarded,  but  uniform,  it  will  carry  the  Body  through  1 
twice  the  Space  L  M  in  the  fame  Time  {Annot.  XX VL 
7.)  that  is,  through  AD=LB=:2LM. 

5.  And  fince  the  Time  of  the  Afcent  from  A  to  B 

is  equal  to  the  Time  of  Defcent,  the  Ball  will  pafs  ; 
over  D  C  =:  A  D  in  the  Time  of  the  Defcent  from  B 
to  C  ;  therefore  the  horizontal  Space  A  C,  which  the - 
Ball  pafies  over  during  the  whole  Time  of  the  Projec¬ 
tion,  is  equal  to  4  times  L  M,  wherever  the  Point  M  f 
be  taken  in  the  Circumference  A  O  G.  ' 

6.  Hence  when  A  O  is  the  Direaion  of  the  Cannon, 
(O  being  the  middle  Point  of  the  Semicirle)  the  Line 
NO,  which  is  the  horizontal  Velocity,  will  be  the:j 
greateft  poffible  (from  the  Nature  of  the  Circle)  and!| 
confequently  4N  O  =:  A  Q^,  the^  greateji  pajftble  hers- 
zontal  Random  j  which  therefore  is  made  on  an  Angle : 

TRAL 
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TRAL  Forces.  If  a  Body  A  be  fufpended  Plate  V- 
at  the  End  of  a  String  AC,  moveable 8. 


O  A  K  =  45  Degrees.  For  OAK  =  AON=: 
O  A  N,  becaufe  N  O  =  A  N  ;  therefore  fince  A  N  O 
=  90'’,  A0N=:0AN  =  0AK=:  45°. 

7.  Hence  ANirFE  (rrNO  —  *AQ_)  will  be 
the  Height  of  the  Projedlion  on  the  Angle  O  A  K  rr: 
45“.  IVJjmce  A  Q^tvtll  be  the  Parameter^  or  Latus 
Re£luni,  of  the  Pa^  ahola  A  F  Q. 

8.  If  M  O  —  O  R,  then  will  L  M  n  T  R  ;  and 
confequently  the  Horizontal  Random  on  the  Elevation 
AM,  and  A  R,  will  be  equal,  viz.  AC;  but  the 
Height  of  the  Projedlion  on  A  R  will  be  AT  S  D. 
TVhence  the  Height  S  D  is  to  the  Hc  -.ght  D  B  D  R  K  ta 
M  K)  as  the  Tangent  of  the  Angle  of  Elevation  R  A  K  /a 
the  Tangent  of  the  Angle  M  A  K. 

9.  From  what  has  been  demonftrated  ’tis  eafy  to 
underftand,  that  an  Object  fituated  on  the  Horizon  may 
be  hit  by  a  Ball  difeharged  on  an  Elevation  of  45°  with 
a  lefs  Charge  of  Powder,  than  on  any  other  Angle  of 
Elevation. 

10.  The  Time  of  the  ProjecStion  A  B  C  is  equal  to 
the  Time  of  the  perpendicular  Afcent  and  Defcent 
through  A  L  or  D  B,  (becaufe  the  horizontal  Velocity 
does  no  way  afFefl:  that  in  the  Perpendicular.)  But  the 
Time  of  Afcent  and  Defcent  in  A  L  is  to  that  in  A  G, 
as  A  L  to  A  G  ;  that  is,  (fince  A  L  :  A  G  :: 

A  :  A  G*)  as  A  M  to  A  G ;  that  is,  (becaufe  A  G 
:  A  M  ::  A  M  :  A  =:  M  fC'  as  M  IC  to  A  M,  or  as 
the  Sine  of  the  Angle  of  Elevation  M  A  K  the  Radius. 

11.  I'herefore  the  Times  of  two  different  Projedi- 
ons  ABC,  A  S  C,  will  be  as  the  Chords  A  M  and  AR, 
or  as  the  Sines  of  the  Angles  of  Elevation  to  the  Ra¬ 
dius  A  G. 

12.  Suppofe  it  required  to  know  from  what  Height 
a  Body  ought  to  fall  to  acquire  fuch  a  Velocity,  that, 
being  refledled  in  that  Moment  in  the  Dirediion  A  F, 
it  Ihould  deferibe  the  given  Parabola  A  O  Q.  In  order  to 
thisjwe  are  to  confiderthat  (the Equation  being  xp—yy) 

K  3  about 
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about  a  Point  or  Pin  C  as  a  Centre,  and  '  i 
in  that  Pofition  it  receive  m  Impulfe  of 

>■1 


the  Velocity  of  a  Ball  fliot  from  theCannon  comijience^ 
jn  the  DirefUon  of  the  Axis  A  L  (or  Abfcifs  sc)  in  th? 
Point  A  ;  but  that  in  the  Direftion  A  F  (or  of  the  Ofr 
dinate  y)  is  from  firft  to  laft  the  fame ;  confequently  , 
there  muft  be  a  certain  Point,  to  which  the  Ball^  hav-  i 
ing  defcended,  acquires  a  Velocity  equal  to  that  in  the  “I 
Diredlion  A  F,  which  is  uniform ;  and  this  muft  be 
when  X  zzy.  To  determine  which,  putting  theEqua-  £ 
iion  xp—yy  in  Fluxions,  we  have  xp:=z'iyy\  but  ] 
fmee  in  this  Cafe  we  have  i  therefore  p  =  2  y,  | 

and  —  y  =  Equation  j)  therefore^/)* 

2 

:::  x  p,  that  is,  \p  — 

1 3.  Confequently,  if  an  heavy  Body  fall  from  the 
Height  of  F  of  the  Parameter  of  the  given  Point  A,  and 
in  that  Point  it  be  reflected  (with  the  Velocity  there 
acquired)  in  the  Diredtion  A  F,  it  will  deferibe  the  ; 
given  Parabola  A  O  Q. 

1 4.  If  it  be  required  to  ftrike  the  Point  B,  whofe 
plate VL  Diftance  AD  Shd  Height  BD  are  given,  with  the  :i 
Fig.  9.  leaft  Impetus  of  all  that  will  hit  it,  then  in  order  to  find  i 

the  Elevation  of  the  Cannon,  draw  A  B,  and  E  A  per^ 
pendicular  to  AC;  on  the  Point  A  deferibe  the  Arch  Nl 
a  h  c,  which  bife<St  in  b,  then  a  Line  A  F  drawn  through  laj 
that  Point  will  be  the  Elevation  of  the  Cannon  as 
required ;  and  the  leaft  Impetus  will  be  equal  ta 

See  the  Demonflration  of  this  by  the 
2  ' 

Inventor  Dr.  Halley  in  the  Phil.  Tranfaltions,  and  by 
Dr.  Keill,  IntrocL  Pag.  280,  281.  From  a  bare  View  .' 
of  the  Diagram  the  Reafon  of  the  Ufe  of  the  Looking- 
Giap  and  Piummet  is  evident. 

15.  If  a  Ball  be  pmjeded  perpendicularly  upright  in 
Fin  10  Direction  A  P’  with  a  Velocity  that  will  carry  it  to  ) 

“  ’  the  Height  of  one  Mile,  or  528  '  Feet;  it  will  be  18  ^ 

Seconds  (nearly)  in  the  Afcent,  and  as  much  in  the  1 
pefeent,  (for,  as  16,2  Feet  ;  5280  Feet  ::  :  at*  ^ 

Blow 
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Blow  in  an  horizontal  pire6tion,  it  will 
be  thereby  compell’d  to  defcribe  a  Circle 
about  the  central  Pin  :  While  the  circular 
Motion  continues,  the  Body  will  have  a 
continual  Endeavour  to  recede  or  By  off 
from  the  Centre,  which  is  call’d  its  Centri¬ 
fugal  Force,  and  arifes  from-  the  Horizontal 
Impetus-,  with  this  Force  it  a6ls  upon  the 
fix’d  Centre  Pin,  and  that,  by  its  Reni- 
tency  or  Immobility,  re-acfs  with  an  equal 
Force  on  the  Body  by  means  of  the  String, 
and  folicits  it  towards  the  Centre  of  Mo- 

whence^  =  fere  the  Time  of  Afcentor  Defcent.) 
Now  in  the  Parallel  of  London,  the  Motion  of  the 
Earth’s  Surface,  and  of  all  Bodies  upon  it,  is  at  the 
Rate  of  10,8  Miles  per  Minute,  or  950  Feet  per  Se¬ 
cond,  from  Weft  to  Eaft :  Therefore  in  36  Secorids, 
the  Time  of  the  Afcent  and  Defcent,  the  Ball  will  be 
carried  over  34214  Feet  or  more  than  fix  Miles,  in  the 
horizontal  Diredion  Eaftwards  from  the  Point  A  to  H. 
Now  fince  the  Ball  is  carried  at  the  fame  Time  with  a 
retarded  Force  upwards,  and  an  uniform  Force  for¬ 
wards,  it  will  defcribe  the  Parabola  A  D  H.  And  be- 
caufe  the  horizontal  Motion  in  the  SpeCfator  and  in  the 
Project  is  the  fame,  they  will  be  carried  through  equal 
Spaces  A  N,  O  B  ;  A  M ,  PC;  A  L,  F  D,  tffc.  in 
the  fame  Time ;  and  confequently  the  projecfted  Ball 
will  always  appear  perpendicularly  over  the  Spectator 
in  every  Point  of  the  Curve  ;  which  is  the  Occafion  of 
the  Deception  above-mentioned, 

16.  Hence  the  Objeffion  ufually  urged  againft  the 
Motion  of  the  Earth,  from  the  apparent  Afcent  and 
Defcent  of  Proje£ls  in  a  Right  Line,  is  the  Refult  of 
Ignorance ;  as  indeed  are  all  other  Arguments  of  this 
Kind. 
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tion,  whence  it  is  call’d  the  Centripetal  ; 
Force  y  and  when  we  fpeak  of  either,  or 
both  of  them  indefinitely,  they  are  call’d 
the  Central  Forces  of  the  revolving  Body. 

It  is  of  the  laft  Importance  to  undeiv  i 
ftand  the  Nature  of  this  Kind  of  Motion,  t 
fince  by  it  all  the  Machinery  of  the  Plane-  i  i 
tary  Syftem  is  perform’d,  as  will  be  eafy  :j 
to  underftand,  if,  for  the  revolving  Body,  1 
we  fubifitiiie  a  Planet ;  for  the  Centre,  we 
place  the  Sun  ;  for  the  Centripetal  Force y 
or  String,  its  Power  of  Attradfion ;  and 
for  the  ProJeBik  Force,  the  Almighty  Power 
of  God  in  the  firfl  Creation  of  Things. 

The  Theory  of  this  Species  of  Motion  1 
is  comprifed  in  the  following  Propofitions, 
viz.  (i.)  The  projedlile  Force  A  H  is  inr 
finitely  greater  than  the  centrifugal  Force  ^ 
HE.  (2,)  The  central  F&rce  is  propor-  1 
tional  to  the  Quantity  of  Matter  in  the 
revolving  Body  A,  all  other  Things  being 
equal.  (3,)  If  two  equal  Bodie^  A,  B, 
deferibe  unequal  Circles  AM,  AN,  in  e- 
qual  Times,  the  central  Forces  will  be  as 
the  Diftances  AC,  B  C,  from  the  Centre 
C.  (4.)  If  equal  Bodies  deferibe  unequal  ' 
Circles  with  equal  Celerities,  the  central  \ 
Forces  will  be  inverfely  as  the  Diftances. 
(5.)  If  equal  Bodies  deferibe  equal  Circles, 

the 


137 


I 


I 


I 

ji 

I 

I 


•  Mechanics. 

Ithe  central  Forces  will  be  as  the  Squares  of 
|the  Celerities.  (6.)  If  equal  Bodies  de- 
Ifcribing  unequal  Circles  have  their  central 
Forces  equal,  their  Periodical  Times  will 
Ibe  as  the  Square  Roots  of  the  Diftances. 
jC?')  equal  Bodies  defcribe  unequal 
Circles  with  equal  Celerities,  the  Periodi- 
[Cal  Times  will  be  as  the  Diftances  diredlly. 
1(8.)  Therefore  the  Squares  of  the  Perio¬ 
dical  Times  are  proportional  to  the  Cubes 
of  the  Diftances,  when  neither  the  Perio¬ 
dical  Times  nor  the  Celerities  are  given. 
And  in  that  Cafe,  (9.)  The  central  Forces 
p'e  as  Squares  of  the  Diftances  inverfely. 

These  are  the  Theorems  of  circular 
Motions,  the  two  laft  of  which  are  found 
by  Aftronomers  to  be  ftriftly  obferved  by 
every  Body  of  the  Planetary  and  Cometary 
Syftem.  For  Example:  The  Periodical 
iFime  of  Ferns  is  225  Days,  and  that  of 
:he  Earth  3655  the  Squares  of  which 
Numbers  are  50625  and  133225:  Again, 
:he  Diftance  of  Vei^us  from  the  Sun  is  to 
iihat  of  the  Earth  as  72  to  100  ;  the  Cubes 
)f  which  Numbers  are  3  73  248  and  1 000000  j 
but 50625:  133225  ::  373248  :  1000000 j 
hat  is,  the  Squares  of  the  Periodical  Times 
ire  as  the  Cubes  of  their  Diftances  very 
learly.  From  hence  alfo  it  will  eafily  ap¬ 
pear. 
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pear,  that  Bodies  under  the  Equator  have 
the  greateft  centrifugal  Force,  which  there 
adls  in  direct  Oppohtion  to  Gravity,  and 
diminiilies  towards  the  Poles,  with  the 
Squares  of  the  Diftances  from  the  Earth  s 
Axis.  Hence  alfo  it  is  evident,  that  if  ever  r 
the  Earth  was  in  a  fluid  State,  and  at  the ' 
fame  Eime  moving  about  its  Axis,  it  ne-‘ 
cejjariiy  put  on  the  Figure,  not  of  a  perfeSi 
Sphere  or  Globe,  but  of  an  oblate  Spheroid,' < 
fatted  towards  both  Poles-,  as  is  manifejily. 
floewn  by  Experiment  (XXXIV). 


Plate  V. 
Fig.  8. 


(XXXIV.)  I.  LetAD=:ff,  the  Diameter  of  the; ^ 
Circle  AMD;  AH  the  Space  which  a  Body  A  rnoves;i 
through  in  a  conftant  Particle  of  Time  by  an  uniform,! 
Projeaile  Force-,  H  E  the  Diftance  it  is  drawn  from  the.; 
Tangent  A  H  by  the  Centripetal  Force  (which  is  jufl 
fufEcient  to  retain  the  Body  moving  in  a  circular  Orbit)" 


in  the  fame  Time. 

2.  Then  fince  A  H  is  indefinitely  fmall,  the  Arcli,| 


A  E,  and  its  Chord,  will  nearly  coincide  and  be  equal 
to  A  H,  and  will  therefore  alfo  reprefent  the  ProjeSiU 

A  E' 

Force.  But  AD:AE  ::  AE:A<7  —  HE  — 


A  n 


the  Central  Force.  Now  A  E  is  infinitely  fmall  ir 
refped  of  A  D,  therefore  H  E  or  A  a  is  infinitely  final- 
with  refpeit  to  A  E.  _  ij 

3.  If  the  Projedile  Force  or  Velocity  AE  —  V< 

;ind  A  D  aa:  the  general  Expreffion  of  the  Centra j 

Force  will  be  which  therefore  in  different  Circle! 

a  _  ; 

will  be  as  the  Squares  'f  the  Velccities  dlreSly,  and  in  \ 
verfely  Oi  the  Diameters  or  Semi-diameters  of  the  Circles,  j 

4.  But  in  the  ^ame  Circle  it  will  be  dire^ly  as  tk 
Squares  of  the  Velocity,  becaufe  in  that  Cafe  a  is  giver 

^  Rm 


*39 
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[But  if  the  Velocity  be  given,  it  will  be  as  the  Dijiance 

;  '  .  J 

\from  the  Centre  inverfely,  (for  then  —  becomes 

a  a 

5.  Hence  if  the  Central  Forces  in  two  Circles  be 

equal,  the  Diameters  of  thofe  Circles,  or  Dijlances from 
\the  Centre  of  Force,  will  be  as  the  Squares  of  the  Feloci- 
'ties  dire£ily. 

6.  As  A  E  :  I  : :  3,1416  a  :  P  =:  the  Periodical  Time 
iof  defcribing  the  whole  Circle  (for  in  equable  Motions 

the  Spaces  are  as  the  Times.)  Therefore  P  = 


whence 


_  3,1416  X  a 


,  which  fubftituted  in  the 


Expreffion  for  the  Central  Force,  we  have  ' 

pz 


1=  ~  (becaufe  3,1416*  is  given)  for  the  Central  Force 

in  this  Cafej  which  therefore  is  always  as  the  Diameter 
Radius  of  the  Circle  direSily,  and  the  Square  of  the 
Periodical  Time  inverfely. 

7.  Hence  if  the  Central  Force  be  as  any  Power  (n) 
of  the  Diftance  (a)  from  the  Center  C,  we  have  — 

'  Pi 


I  — n 

—  a  }  whence?  a  2  ;  and  therefore  when  k  ~ 

fve  have  P  ~  aT,  or  the  Periodical  Time  will  be  as  the 
Square  Root  of  the  Dijiance. 

8.  If  a  —  I,  that  is,  if  the  Force  be  diredfly  as  the 

0 

Difiance,  then  will  P  =:  a  2  =:  /  =:  i  ;  that  is,  the 
Periodical  Time  will  be  given,  or  the  Jame  in  every  Circle, 

9.  If  nzz  2,  that  is,  if  the  Force  be  diredlly  as 

she  Square  of  the  Diftance,  then  P  —  a  i  =.  — -  ; 

aJ 

pr  the  P eriodical  Time  will  be  as  the  Square  Root  of  the 
Difance  inverfely. 

\o.  If  a  —  I,  that  is,  if  the  Force  be  inverfely 

as 

i 

I 

! 
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as  the  DIftance,  then  ?  =  aT  =  c,  or  the  Periodical 
lime  will  be  direHly  as  the  Dijlance  from  the  Centre. 

II,  If  «  =  — 2,  or  the  Force  be  inverfely  as  the 

Square  of  the  Diftance,  then  P  =  ai,  or  (fquaringboth  1 
Sides)  that  is,  The  Square  of  the  Periodical  ^ 

Time  will  be  as  the  Cube  of  the  Dijlance  from  the  Center. 

yj 


12.  When  the  Central  Force  is  given,  pi  = 


p  —  ifi  ^  that  is.  The  Periodical  Time  will  be  as  the'. 

Square  Root  of  the  Dijiances.  'j 

^  V*  J  a  ; 

13.  Since  the  Central  Force  is  as and  as^,  we, 

have  YT  —a\  whence  the  Dijlance  from  the  Centre  is.\ 
always  in  the  Compound  Rat.o  of  the  Periodical  Time  ^ 

Velocity,  .  -  h  1^1 

14..  Hence  if  the  Diftance  be  given,  or  a  —  i,  theOt, 

*  -  -  _ _  .  •  r  1  _  -  a  L .  J/.K  -w..  I 


J4,  nciiCC  1*  1 1*  - - - - »  ^  u 

the  Periodical  Time  is  inverfely  as  the  Velocity,  and  the]^ 


LllC  L  Ct  iUUtLt.il,  X  l/ttS'  y  - 

Velocity  Inver  fey  as  the  Perioaical  Time.  in*' 

15  If  the  Velocity  be  given,  or  V  =:  r,  the  Pent^. 
dical  Time  will  be  dirclly  as  the  D  fiance  from  the  Centre.^ 

16.  If  the  Periodical  Time  be  given,  the  Velocity, 

will  be  direSily  as  the  Dijlance  likewije.  J 

17.  If  we  put  />  —  S’tAt  ^  j  then  ^  a  .  P  . .  A  E  _ , 

AE  X  P  _  (jeferibing  A  E.  Again,  as  i  : 


pa 


16,2  : : 


^  ^  ^  P  .  t6,2AE  XP  _  Diftanqti 


p  ei  pa  ,  ,  -I 

defeended  by  an  heavy  Body  (in  the  Time  of  defcribing^ 
A  E)  by  the  Force  of  Gravity.  Laftly,  this  Force  ol 

'i6,2AE'xP'^ 


Gravity  ( 


p'^  a'‘ 


-) 


is  to  the  Central  Foret 


5 


as  I  to  that  is,  as  16,2  P^  to  ap'^ 


16,2  P 


eras  P’'  to  0,615  a. 

18.  If  now  we  fuppofe  a  Body  revolving  about  thi 
Centre  of  the  Earth  at  the  Diftance  of  its  Surface  vvift 
a  Centrifugal  Force  equal  to  that  of  Gravity ;  then  Pj| 

“  0,6  1 5  a,  and  fo  P^  o::  0,6 1 5  a }  and  putting  a  _ 

42QOOOO' 
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4200C000  Feet  in  the  Diameter  of  the  Earth,  we  have 
P  5083  Seconds,  or  84'  43";  which  is  the  Time 
of  Revolution  to  acquire  a  Centrifugal  Force  equal  to 
that  of  Gravity  at  the  Earth’s  Surface.  Confequently 
were  the  Earth  to  revolve  in  84'  43''  inftead  of  24, 
Hours,  the  Bodies  on  its  Surface  would  lofe  all  their 
Weight,  and  be  as  liable  to  fall  ofF  as  to  abide  thereon. 

19.  From  what  has  been  demonftrated  we  may  dif- 
cover  the  Law  of  Gravitation  at  the  Moon ;  for  fmce 
the  Diftance  of  the  Moon  from  the  Earth’s  Centre  is 
to  the  Diftance  of  the  Earth’s  Surface  as  60  to  i  ;  and 
fince  the  Periodical  Time  at  the  Earth’s  Surface  is 
5083",  therefore  the  Periodical  Time  at  the  Moon 

may  be  found  {hj  Art.  ii.)  thus;  ;  60^  ::  5083^ 

;  P’-;  whence?  =:  5083  X  6ot  r:  2362000"  =  27,3 
Days,  the  Periodical  Time  of  the  Moon,  if  moved  by 
a  Centripetal  Power,  as  Gravity  decreafing  with  the 
Squares  of  the  Dijiances  inverjely :  And  therefore  fmce 
the  Periodical  Time,  thus  found,  is  equal  very  nearly  to 
the  real  Periodical  Tisne  of  the  Moon,  it  fhews  that  Law 
takes  Place  between  the  Earth  and  Moon.  This  might 
alfo  be  ftiewn,  from  the  Time  of  the  Moon’s  Revolu¬ 
tion,  but  one  Proof  is  enough.  I  fliall  alfo  hereafter 
fhew,  that  this  is  the  general  Law  of  the  whole  Plane¬ 
tary  Syftem. 


20.  Since  we  had  rr  the  Central  Force,  when 


<  a  is  given,  the  Force  will  be  as  ; 


that  is,  in  equal 


Circles  the  Centrifugal  Forces  will  be  as  the  Squares  of 
ithe  Velocities  inverfely.  And  therefore  fmce  in  the 
Time  of  the  Earth’s  Revolution,  viz.  24  Hours,  there 
[are  68400"  ;  if  we  fay,  as  5083^  :  68400"  ^  289 

nearly  ;  that  is,  the  Centrifugal  Force  under  the  Equator, 
■arifing  from  the  Earth’s  Rotation,  is  to  the  Power  of  Gra¬ 
vity  on  its  Surface  as  I  to  289  nearly. 

21.  Since  the  Time  of  Revolution  of  a  Body  under 
I  the  Equator  E  Q_,  and  in  any  parallel  of  Latitude  B  G,‘ 
is  equal,  the  Centrifugal  Forces  are  as  the  Diftances^'g* 
E  C,  BA,  from  the  Centre  of  Motion  (by  Art.  16.) 
or,  as  Radius  C  B  to  the  Co-fine  A  B  of  the  L  uitude. 

22.  But 
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22.  But  in  any  Latitude  B,  the  Centrifugal  Force 
not  (as  under  the  Equator)  oppofite  to  the  whole  Gra¬ 
vity,  but  only  a  Part  thereof,  which  is  to  the  Whole 
as  the  Co-fme  of  Latitude  to  the  Radius.  For  conti¬ 
nue  out  A  B  (the  Direction  of  the  Centrifugal  Force) 
to  D  ;  and  CB  (in  which  Gravity  afts)  to  F ;  fromD  ' 
let  fall  a  Perpendicular  to  F,  then  will  B  D  reprefent 
the  whole  Centrifugal  Force,  and  B  F  that  Part  of  it 
which  a£ls  diredfly  againft  Gravity  ;  but  BF  :  BD 

A  B  :  B  C  E  C.  Therefore  on  both  thefe  Accounts, 
the  Centrifugal  Force  decreafes  from  the  Equator  to¬ 
wards  the  Poles  N  and  S  in  the  Proportion  of  the 
Squares  of  the  Co-fines  of  the  Latitude. 

23.  We  proceed  now  to  demonftrate  the  true  Figure 
of  the  Earth,  which  we  fhall  find  to  be  Spheroidical  and 
not  Spherical,  if  ever  its  Parts  were  in  a  fluid  or  yield- , 
ing  State,  from  the  Confequence  of  a  Centrifugal  Force. 
In  order  to  this,  let  N  S  be  the  Axis  of  Rotation,  B  C  a 
Column  of  fluid  Particles  gravitating  towards  the  Centre 
C,  which  (becaufe  we  fuppofe  the  Parts  of  the  Fluid' 
every  where  quiefeent)  will  be  of  the  fame  Weight 
with  every  other  Column  of  Particles  C  N,  or  C  E. 
Let  CE=:fl,  CNr=Z»;  CB  =  .v,  AB  =  r  Sine  of 
the  Angle  B  C  N  ;  and  fuppofing  the  gravitating  Power 
to  be  every  where  as  the  Power  n  of  the  Diftance  from 
the  Centre ;  that  is,  fuppofe  the  Power  of  Gravity  at  E- 
(g)  to  be  to  that  at  B  as  C  E»  to  C  B”,  then  will  the  Gra 

\  r»  u_  CB«_^  X 
vity  atBbe_ 

24.  Alfo  the  Centrifugal  Force  at  E  (f)  is  to  that  at; 
B  as  C  E  to  A  B  (as  we  fhew’d  Jrt.  1 6.)  But  A  B  ; 
C  B  : :  j  ;  I  =  Radius ;  whence  ABrerX  CBr: 


J  X 


confequently  we  have  the  Centrifugal  force  at  B' 
equal  to-^^^^. 


25.  But  fince  this  Force  a61:s  in  the  Direffion  B  D,  i 
that  Part  which  oppofes  Gravity  is  F  B  (as  was  fhewn  j 

fsx  fssx' 


above)  whence  fince  B  D  ;  F  B  : :  i  :  s 


a  a 

:  to  Centrifugal  force  at  B,  which  oppofes  Gravity. 

26.  Hence  the  Power  of  Gravity  on  a  Particle  at  B 

will 


Iffill  be  as 


f 


X 


impelling  it  towards  the  Cen- 


a 

l^er  C.  Such  a  Particle  will  be  reprefented  by  and 


merefore  its  Weight  will  be 


g  X  Xfl  X  f  S  S  X  X 


and 


a 

Ijts  this  is  the  Fluxion  of  the  whole  W eight  of  the  Co- 

X  ^ ”  -f-  *  f  s sx^ 


umn  C  B,  the  Fluent  thereof -=^ 


will 


«  -j-  I  «”  2  a 

be  the  Weight  of  the  faid  Column  of  Particles  CB. 

27,  If  now  we  confider  the  Column  of  Particles 

E,  which  is  of  equal  Weight,  fince  in  this  Cafe  the 

jungle  N  C  E  is  a  Right  one,  we  fliall  have  x  —  a,  and 

c  I  ;  wherefore  the  Weight  of  the  Column  C  E  will 

?  X  -F  I  f aa  ,  -  ,  TIT  •  1  T- 

-  - - ^ - -  therefore  the  Weight  of  a 

n+  ~  - 


lie 


2  a 


2g~nf—f 


2  «  +  I 


X  a 


Column  every  where  is  equal  to 

I  «  -j-  i 

gX^4-*  f !  ,  c  1  /I  ll 

1— — == - — ■' - j  therefore  we  have  (by  pro” 

I  «  +  2 «  ^  ^  ^ 

»er  Redufiion)  2  g  x"  —  «-j-i  X  f  s  s  a”  —  * 
—  2g  —  nf — fX  a”  1  for  a  general  Equation. 
28.  Whence,  putting  r  =  <7,  we  have  2  ^  ^  ” -j- ‘  = 


—  n J — J  X  (2  ”  +  * }  and  therefore  a  :  x  ::  2g 

I 

i2g  —  nf — f  «  -f-  ^  : :  C  E  :  C  N,  fo  is  the  Diameter 
f  the  Equator  to  the  Axis  of  the  Earth. 

29.  Hence,  upon  the  Hypothefis  of  an  uniform  Gra- 
|ity,  we  have  n  —  0  •,  in  that  Cafe  2  g  \  2  g  —  f 
>E  :  CN.  ■  But  the  Gravity  (g)  is  to  the  Centrifu¬ 
gal  Force  (f)  under  the  Equator,  as  289  to  r  {per  Art. 
to.)  Wherefore  in  this  Cafe  CE  :  CN  :  :  578  :  577. 

30.  If  the  Earth  were  to  revolve  in  84'  43",  the 
ilentrifugal  Force  would  be  equal  to  Gravity  ( Art,  18.) 
IT  g=f  ■,  and  then  C  E  ;  C  N  ; ;  2  :  I .  If  the  Earth 
vere  to  revolve  quicker  than  that,  the  Particles  would 
ty  oft",  and  the  Earth  be  reduced  to  a  fingle  Atom. 

31.  If  the  Gravity  be  fuppofed  proportional  to  the 
)iltance  from  the  Center 3  then  »  i,  and  we  have 

CE: 
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i  -  -t- 

C  E  ;  C  N  : :  ^  *  ■-  g — f~  if  "'^1  this  Hypothefis  th^ 

Earth  were  to  revolve  in  84.'  43"^  or  g  =/,  then  would 
C  E  be  infinitely  greater  than  CN ;  that  i',  CN  would 
be  nothing,  or  the  Spheroid  would  then  become  a  cir¬ 
cular  Plane. 

32.  If  Gravity  be  fuppofed  inverfely  as  the  bquare  or 
the  Diftance,  we  have«;=— —  2;  and  then  we  Ihall 


have  2  :  2^  4  * 


CE  :  CN:: 


I 


I 


a  2^ +/-*:;  2^+/:  2^::  579  ••578.  And  „ 

fince  of  all  the  above  Hypothefes,  this  laft  is  found  to 
be  the  only  true  one  (fee  Art.  19.)  it  follows  that  the  , 
Earth  in  its  Chaotic  or  Fluid  State,  revMng  about  its 
Axis,  mu  ft  necejjarily  put  on  a  Spheroidical  Figure,^  hav¬ 
ing  the  Equatorial  Diameter  E  Q_,  to  the  Axis  N  S,  as  ; 
579  i  578’ 

33.  And  this  would  be  the  Cafe,  were  all  the  Cir- 
.tumfiances  of  the  Hypothefis  the  fame  in  Nature  as  we  , 

have  prefumed  in  the  Theory  ;  but  fince  they  are  found 
to  be  otherwife,  the  Mathematical  Theory  (which  gives 
only  the  true  Sort  of  Figure,  but  not  the  true  Figure  itfelf) 
inuft  be  adapted  to  Nature,  and  the  Figure  which  the 
Earth  really  has  inveftigated  from  other  Principles.  For 
Eodies  on  the  Earth’s  Surface  do  gravitate  in  fuch  Di- 
reftions  as  pafs  not  thro’  the  Centre  C  (as  has  been 
fuppofed)  any  where  but  in  the  Equator  or  under  the 
Poles,  viz.  at  E  and  N. 

34.  In  order  to  find  the  true  Proportion  between  • 

E^andNS,  Sir  Ifaac  Newton  makes  a  Suppofition- 
they  are  as  10 1  to  100,  and  then  by  a  Method  (too  pro¬ 
lix  to  be  here  explained)  he  finds  the  Gravity  at  E  and' 
N  to  be  as  5C0  to  501.  Now  fuppofing  the  Matter  of 
the  Earth  uniform  and  at  Reft,  the  M^eight  of  the  Co-, 
lumn  of  Particles  EC  will  be  to  that  of  the  Column 
NC  in  the  Ratio  of  their  Magnitudes  loi  to  100,  and 
of  their  fpecific  Gravities  500  to  501  conjointly,  (See 
Annot.  LVdI.  10.)  that  is,  as  505  to  501.  _  _ 

3^.  Now  ’tis  plain  if  the  Weight  of  each  Particle  m 
the  Column  C  E  were  divided  into  505  equal  Parts,  a 

Centrifugal  Force,  that  ihould  take  off  four  of  thofe' 

equal 


$ 


M 


E  C  H  A  N  I  C 


equal  Parts,  would  leave  the  Weight  of  the  Column 
E  C  equal  to  that  of  the  Column  NC,  whence  an 
Eq  uilibrium  muft  enfue  between  them. 

36.  Whence  our  Author  makes  this  Analogy  :  If  a 
Centrifugal  Force  which  is  -5^-5  of  Gravity  caufes  an 
Excels  of  TBo  Part  in  the  Altitude  E  C,  a  Centrifugal 
Force  which  is  but  -rg  Part  of  Gravity  can  caufe  an 
Excels  only  of  Part  of  E  C.  Therefore  the  true 
Proportion  between  the  Diameter  of  the  Equator  E  Q, 
and  the  Earth’s  Axis  N  Sj  is  that  of  230  to  229. 
Whence,  fince  the  former  is  about  8000  Miles,  it  will 
exceed  the  latter  by  about  34to  Englijh  Meafure. 

37.  Whence,  fince  in  an  Equilibrium  of  Fluids  com¬ 
municating  with  each  other  the  Altitudes  are  as  the  fpe- 
cific  Gravities  inverfely,  it  follows  that  the  Gravity  at 
the  Equator  E  is  to  that  at  the  Pole  N  as  229  to  230  ; 
or  a  Body  which  under  the  Poles  weighs  230  lb.  will 
under  the  Equator  weigh  but  229  lb. 

38.  The  Gravity  increafes  from  the  Equator  E  to¬ 
wards  the  Pole  N  with  the  Squares  of  the  Sines  of  the 
Latitudes.  For  continue  out  CF  to  G,  and  draw  GD 
perpendicular  to  AD  5  then  if  BD  be  the  whole  Centri¬ 
fugal  Force  at  the  Equator,  and  BG  th4.Whole  Dimi¬ 
nution  of  Gravity  occafioned  there  by  it ;  and  fince  in 
the  Latitude  B  the  Centrifugal  Force  which  adts  di- 
redlly  againft  Gravity  is  reduced  to  F  B,  the  Line  F  B 
will  alfo  reprefent  the  Diminution  of  Gravity  in  the 
Latitude  B,  and  therefore  the  Difference  GF  will  be 
the  Increafe  of  Gravity  at  B.  And  fo  (becaufe  BG  : 
GD  ::  Gl 


G  F)  we  have  B  G  ;  G  F 
Radius  Square  : 


(GB"  : 
Square  of 
the 


GD^  :;)  BC^  :  AC’- 

the  Sine  of  the  Latitude  :  :  Decrcafe  at  the  Equator ; 
Increafe  6/  B. 

39.  If  we  put  the  Diminution  of  Gravity  at  the  E- 
quatormioooo,  then  will  the  Gravities  at  the  Equator, 
London,  and  the  Pole  be  as  the  Numbers  2290C00, 
2296124,  23000CO  ;  therefore  the  Lengths  of  Pendu¬ 
lums  vibrating  Seconds  in  each  of  thofe  Places  will  be 
in  the  fame  Proportion  (by  Annot,  XXVIII.  13.)  But 
2296124  ;  22900C0  39,2  ;  39,i=:Inches  of  a  Se¬ 

cond  Pendulum  under  the  Equator,  the  fame  nearly  as 
found  by  Obfervation. 

VoL.  I. 


^45 


-['i  I'H. 


r  ‘  I  ^  \ 


L 


40.  Since 
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40.  Since  in  the  elliptic  Meridian  ENQS,  the  Cur¬ 
vature  at  E,  Q.,  is  much  greater  than  that  at  N,  S  ; 
the  Radius  of  Curvature  (fuppofe  E^)  in  the  for- 
iner  will  be  fhorter  than  that  in  the  latter  (fuppofe  Si;) 
and  therefore  if  at  the  Equator  the  Angle  E/'«,  or  the 
Arch  Ea,  be  equal  to  oie  Degree,  the  Angle  of  one  De¬ 
gree  Sic  at  the  Pole  S  will  contain  a  greater  Arch  cS, 
as  is  evident  from  the  Diagram.  Whence  it  appears 
that  in  this  fpheroidical  Figure  of  the  Earth,  the  De¬ 
grees  increafe  from  the  Equator  to  the  Pole  ;  fo  that  if 
in  the  Equator  a  Degree  confifts  of  60  Miles,  in  the 
feveral  Latitudes  the  Miles  will  be  as  below  : 

Lat.  o  10'’.  20“.  30®.  40°.  50-’.  60°, 

bfaDeg.  \  59’5-  59>57-  59>8.  59»93-  60,06.  ^ 

Lat.  70®.  8o“.  90».  jj; 

JEA.es  I50  16.  60,235.  60,26.  '  i|{ 

in  a  Deg.  J 

Scholium.  i 

What  has  been  faid  hitherto,  has  been  upon  Suppo- 
fition  that  the  Earth  is  of  an  uniform  Denfity  through-  , 
out,  but  it  is  reafonable  to  fuppofe  (from  the  Earth’s 
having  been  originally  in  a  fluid  State)  that  the  hea-  ,l 
viefl:  Matter  fubfided  firft,  according  to  the  Laws  of  Gra-  ij( 
vity  ;  and  therefore  that  the  Earth  is  more  denfe  and  '  t 
compacf  the  nearer  we  go  to  the  Centre,  whence  it  !| 
muft  follow,  that  as  there  is  a  greater  Number  of  Par- 
tides,  there  will  be,  on  the  Whole,  a  greater  Quantity, 
of  Centrifugal  Force  in  the  Column  EC,  and  confe-  i, 
quently  a  greater  Excefs  in  its  Altitude  above  that  of  (P 
NC,  than  was  before  ftated  ;  that  is,  EC  will  exceed  .? 
NC  more  than  in  the  Proportion  of  230  to  229,  v.?hich  n 
is  alfo  found  to  be  ftill  more  confonant  to  Experiments.  1(1 
See  farther  on  this  Head  my  New  Principles  of  Geo-  jp 
GRAPHY  and  Navigation". 
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LECTURE  HI. 

Of  the  Centres  ^Magnitude,  Motion, 
and  Gravity,  ddhe  Method  of  fhzdmg 
the  Centre  ^Gravity  in  ^//Bodies. 
fhe  PHiENOMENON  o/ DoUBLE  CoNE 
and  Cylinder,  Of  the  Common  Cen¬ 
tre  of  Gravity  between  two  or  more 
Bodies  j  confderd  between  the  Earth 
a?id  Moon,  the  Sun  Planets,  fhe 
Fundamental  Principle  Mecha¬ 
nics  demonf  rated.  The  Impo^bility  of  a 
Perpetual  Motion.  The  Nature 
and  Kinds  of  Levers,  Balances, 
Pullies,  the  Axis  in  Peritrochio, 
Inclined  Plane,  Wedge,  and  the 
Screw.  0/ Friction  Friction- 
Wheels.  Of  Compound  Machines. 
The  Theory  of  Clock-Work.  A 
new  Orrery,  Cometarium,  &c.  Of 
Movement  ^Wind-Mills,  Wa¬ 
ter-Mills,  Ships,  &c.  Of  the  Ma¬ 
xima  ^7«</Minim  a  Mechanics.  The 
Theory  ^Wheel-Carriages  <2/  large. 

Having  conlldered  the  Nature  of 
every  Kind  of  Motion,  with  the 
Properties  of  each,  we  Ihould 
L  2  have 
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have  come  immediately  to  treat  of  the  Me¬ 
chanical  Powers  or  Machines,  but 
that  fomething  ftill  remains  to  be  premifed 
thereto,  relating  to  the  Centres  oj  Magni¬ 
tude,  of  Motion,  and  of  Gravity  in  Bodies. 

The  Centre  of  Magnitude  is  that 
Point  which  is  equally  diftant  from  all  the 
external  Parts  of  the  Body  :  And  in  Bodies 
that  are  uniform  and  homogeneal,  it  is  the 


fame  with 

The  Centre  of  Motion,  which  is 
that  Point  which  remains  at  Reft,  while  | 
all  the  other  Parts  of  the  Body  move  about  . 
it x\nd  this  is  again  the  fame  in  uniform 
Bodies,  of  the  fame  Matter  throughout,  as  . 

The  Centre  of  Gravity,  which  is 
that  Point  about  which  all  the  Parts  of  a 
Body  do  in  any  Situation  exadly  balance 

each  other.  _  ; 

This  Centre  of  Gravity  in  Bodies  is  of  • . 
the  greateft  Confequence  to  be  well  under- 
ftood,  as  being  the  foie  Principle  of  all  Me¬ 
chanical  Motions,  The  particular  Proper-  . 
ties  hereof  are  as  follow,  (i.)  If  a  Body  ||| 
be  fufpended  by  this  Point,  as  the  Centre  1 
of  Motion,  it  will  remain  at  Reft  in  any 
Pofition  indifferently.  (2.)  If  a  Body  be 
fufpended  in  any  other  Point,  it  can  reft 
only  in  two  Pofitions,  viz.  when  the  faid  i 

Centre  of  Gravity  is  exactly  above  or  be¬ 
low  ' 


'! 


\M 
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low  the  Point  of  Siifpenfion.  (3.)  When 
the  Centre  of  Gravity  is  fiipported,  the 
whole  Body  is  kept  from  falling.  (4.)  Be- 
canfe  this  Point  has  a  confiant  Endeavour 
to  defcend  to  the  Centre  of  the  Earth ; 
therefore,  (5.)  When  this  Point  is  at  Li¬ 
berty  to  defcend,  the  whole  Body  muft  al- 
fo  defcend  or  fall,  either  by  Aiding,  roll¬ 
ing,  or  tumbling  down.  (6.)  The  Centre 
of  Gravity  in  regular,  uniform,  and  homo- 
geneal  Bodies,  as  Squares,  Circles,  Spheres, 
See.  is  the  middle  Point  in  a  Line  conneft- 
ing  any  two  oppofite  Points  or  Angles. 
(7.)  In  a  Triangle  it  is  in  a  Line  drawn 
from  any  Angle  bifefting  the  oppofite  Side, 
one  Third  of  the  Length  diftant  from  that 
Side  or  Bafe.  (8.)  It  is  alfo  one  iShird  of 
the  Side  diftant  from  the  Bafe  of  an  hol¬ 
low  Cone.  (9.)  But  in  a  . folk!  Cone  it  is 
ojie  Fourth  of  the  Side  diftant  from  the 
Bafe.  (10.)  In  the  Human  Body,  the 
Centre  of  Gravity  is  fituated  in  that  Part 
which  is  call’d  the  Pelvis,  or  in  the  Middle 
between  the  Hips. 

Hence  the  Solution  of  feveral  very  cu¬ 
rious  Phcsno?7iena  will  be  evident  with  the 
leaft  Attention  ;  as  why  fome  Bodies  ftand 
more  firmly  on  their  Safes  than  others ; 
why  fome  ftand  more  firmly  in  an  inclined 
Pofition  3  why  fome  Bodies  fall  in  one 
L  3  •  manner. 


i£0  '  Mechanics. 

manner,  fome  in  another  j  why  fome  may 
feem  to  rife,  while  the  Centre  of  Gravity 
really  defcends,  as  the  rolling  Cone,  and 
Cylinder.  Hence  the  Form  of  that  par¬ 
ticular  Bucket  which  defcends  empty  with 
the  Mouth  downwards,  but  is  drawn  up  full 
with  the  Mouth  upwards.  Hence  alfo  it 
appears  that  a  Waggon  loaded  with  hea¬ 
vy  Matter,  as  Iron,  Stone,  &c.  will  go 
fafely  on  the  Side  of  a  Hill  or  rifing 
Ground,  where  a  Load  of  Hay  or  Corn 
would  be  overturn’d.  Again,  we  hence 
fee  the  Reafon  why  no  Man,  flanding  flill, 
can  move  or  flir,  without  firft  moving  the 
Centre  of  Gravity  out  of  its  Place  j  alfo, 
v/hy  we  ftand  firmly,  while  the  Centre  of 
Gravity  falls  between,  or  on  the  Bafe  Line 
of  the  Feet ;  and  how  necefiarily  we  fall, 
when  the  Centre  of  Gravity  falls  on  one 
Side  or  other  of  the  fame  :  With  many 
other  Particular?,  which  naturally  refult 
from  this  Printiple  (XXXV). 

Plate  VI.  (XXXY-)  i.  That  the  Centre  of  Magnitude,  of  Mo- 

P'S*  ^3-  Gravity  is  the  fame  Point  C  in  regular  and 

homogeneous  Bodies,  as  the  circular  Area,  or  Square 
ABDE  is''  evident  ;  becaufe  any  Right  Line  as  AD 
drawn  through  the  faid  Point  and  terminated  by  the 
Peripheries  of  thofe  Bodies,  has  an  equal  Number  of 
Particles  on  each  Side;  therefore  tlie  faid  Point  is  Cen¬ 
tre  of  Magnitude  and  Gravity,  and  confcquently  of 
uniform  Motion  in  every  luch  Line,  and  therefore  of 
the  whole  Area,  which  is  made  up  of  them. 


z.  But 
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If  two  or  more  Bodies  in  Motion  be  con- 
nedled  together,  as  Chain-Shot,  &c.  or  any 
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2.  But  if  a  Body  be  not  homogeneous  but  confifts  of 
different  Matter  in  different  Parts,  the  Centre  of  Mag¬ 
nitude  C  will  not  be  the  Centre  of  Gravity  ;  thus  fup- 
pofe  ABF  a  circular  Piece  of  Wood  with  a  round  Piece 
lof  Lead  ef\n  one  Side  of  it;  this^Lead  will  remove  the' 

Centre  of  Gravity  from  C  to  Tome  other  Point  D  in  the' 
Diameter  paffing  through  the  Centers  C  aiid  ^  ;  and 
this  Centre  of  Gravity  D  will  of  Courfe  be  alfo  the 
C  entre  of  Motion  and  Reft,  for  on  no  other  Point  can 
a  Body  reft  but  that  on  which  it  is  equilibrated,  fince 
Reft  is  only  the  Refult  of  ah  Equilibrium  of  the  Parts, 

3.  If  the  Centre  of  Gravity  be  fupportcd,  the  Body- 

will  be  fupported  likcwife  ;  for  fince  the  Power  of  every 
Particle  to  defcend  is  there  referr’d,  and  all  unite  in  one; 
if  that  one  Point  be  upheld,  all  the  reft  muff,  as  having 
a  mutual  Dependence  thereon  by  a  neceffary  Connec¬ 
tion  of  Parts.  ' 

/|.  If  a  Body  be  fufpended  on  any  other  Point  C, 
than  the  Centre  of  Gravity  D,  it  will  defcend  in  every 
Pofition  but  two,  viz.  when  the  Centre  of  Gravity  is  * 

in  E  above,  or  in  D  below  the  Point  of  Sufpenfion  G, 
jbecaufe  in  tvt-o  Cafes  it  gravitates  on  a  fix’d  Point, 
which  fufpends  the  Body,  and  therefore  upholds  it  ; 
but  in  all  other  Cafes  it  has  Liberty  to  defcend,  and 
therefore  will  carry  the  Body  down,  till  it  comes  to  reft 
n  D. 

5.  If  the  Centre  of  Gravity  C  in  the  Body  ABDE  pj  yjr 

gravitate  on  the  Bafe  AE  in  the  Perpendicular  CF,  thatpP  ^ 
Body  will  ftand  firm,  and  fo  much  the  more  fo,  ** 

the  Point  I  falls  nearer  the  middle  Point  between  A 

pnd  F  ;  for  fince,  were  the  Body  to  move,  th^  Point 
pr  Angle  E  w-ould  be  the  Centre  of  Motion,  iP  fol¬ 
lows,  that  in  that  Cafe  the  Centre  of  Gravity  C 
.'ife  in  the  Arch  of  a  Circle  from  C  to  G,  which  it 
cannot  do  without  fome  extraneous  Force  ;  and  there-*j- 
fore,  when  left  to  itfeP,  the  Body  muft  ftand  firm. 

6.  But  in  the  Body  of  the  next  Figure,  becaufe  the 
Line  CF,  in  which  it  gravitates,  falls  off  from  the 

L  4  how 
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how  depend  on  each  other,  they  will  have 
a  Cofnmon  Centre  of  Gravity,  which  will  be  a 

PI.  VII,  Bate  AE,  the  Centre  of  Gravity  C  will  be  free  to  de- 
Fig.  2.  fcerid,  as  not  being  fupported,  and  confequently  the 
Body  muft  fall. 

3*  7.  If  a  Body  ABDE,  laid  on  an  inclined  Plane  XY, 

gravitates  in  the  Diredtion  Cl,  within  the  Bafe  AE, 
that  Body  will  move  down  the  Plane  (by  Annot. 
XXVII.  I.)  but  it  cannot  move  over  the  angular 
Point  A  (by  5th  of  this)  it  muft  therefore  defeend  by 
Aiding  down  the  Plane.  If  the  Bafe  AE,  had  been  fo 
fmall  that  the  Point  F  had  fallen  off  it,  it  would  have 
turn’d  on  the  Point  A  in  its  Motion,  and  fo  have  tum- 
hled  down  the  Plane.  But  if  the  Bafes  AE  be  fuppofed 
infinitely  fmall,  or  a  Point,  the  falling  from  one  Point 
to  another,  will  be  fo  momentaneous,  that  the  Body 
(which  then  becomes  a  Circle  or  Sphere)  will  defeend 
by  rolling  down  the  Plane. 

8.  To  find  the  Centre  of  Gravity  of  a  Line,  has  been 
Fig*  4*  Ihewn  i^Annoi,  XXIX.  2.)  To  find  that  of  a  Superficies, 
as  of  a  Triangle,  Parabola,  &c.  this  is  the  Method. 
Let  AG  bifea  the  Bafe  AC  of  the  Triangle  ABC,  it 
will  alfo  bifea  every  other  Line  D  E  drawn  parallel  to 
the  Bafe;  confequently  the  Centre  of  Gravity  of  the 
Triangle  will  be  found  fomewhere  in  the  Line  BG. 
The  Area  of  the  Triangle  mav  be  confider’d,  as  con- 
fiftins  of  an  infinite  Number  of  indefinitely  fmall  Paral¬ 
lelograms  YyLhaXD,  each  of  which  is  to  bv  confider  d 
as  almall  Weight,  and  alfo  as  the  Fluxion  of  the  Area 
of  the  Triangle,  and  fo  may  be  expreffed  by  (put¬ 
ting  BF=^,  and  ¥E=y  ;)  if  this  fluxionary  VV  eight 
be  multiplied  by  its  Velocity  a-,  we  fliall  have  2yxx  for 
its  Momentum. 

q.  Now  put  BG— ^7,  and  AC—b',  then  EG  (a)  : 
AC  (b)  ::B¥  (x)  2y,  therefore  the 

Fluxion  of  the  Weights  2y  x-  =  —  5  and  the  Fluxion 

Point 
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Point  in  the  Line  joining  the  Centres,  fo 
fituated,  that  its  Dijla?ice  from  the  faid 

J)  X  iC  X 

of  the  Momenta  2y  x  x^: - :  whence  the  Fluent 

a 

J)  f 

cf  the  latter,  viz.  - ,  divided  by  the  Fluent  of  the 

b  x^  .  .  2 

former,  viz.  — ,  will  give  -  x  for  the  Diftance  of 
2a  3 

the  Point  from  B  in  the  Line  B  F,  which  has  a  Velo¬ 
city  equal  to  the  Mean  Velocity  of  all  the  Particles  in  the 
Triangle  DBF,  and  is  therefore  its  Centre  of  Gravity. 
Confequently  the  Centre  of  Gravity  of  anyTriangle  ABC,  h 

2 

diflant  ft  om  the  Vertex  B,  -  B  G  a  right  Line  drawn 

from  the  Angle  B  bifetiing  the  Bafe  A  C. 

IQ.  And  fince  the  Seftion  of  a  fuperficial  or  hollow 
Cone  is  a  Triangle,  and  Circles  have  the  fame  Ratio 
as  their  Diameters,  it  follows  that  the  Circle  whofe  Plane 
jmjfes  through  the  Centre  cf  Gravity  of  the  Cone  is  |  of  the 
Length  of  the  Side  diflant  from  the  Vertex  of  the  faid  Cone. 

1 1.  But  in  a  fohd  Cone^  which  confifts  of  an  infinite 
Number  of  circular  Areas,  which  therefore  may  be  pj 
confider’d  as  fo  many  Weights,  the  Centre  of  Gravity  -rf. 
imay  be  found  as  before,  by  putting  B  E  =  x,  B  G  =  «  ;  'S'  5' 

the  circular  AreaDFEr=y,  and  AGC  =  ^;  and 
from  the  Nature  of  the  Cone,  a'^  :  x"-  ::  b  :  y 

but  A'  y  =  ^-—Fluxion  of  the  Weights  ;  and 
a'^  ■'  a^ 

I  h  X 

\y  X  X  =.  - - Fluxion  of  the  Momenta.,  whence 

a^ 

h  x^ 

ithe  Fluent  of  the  latter,  viz.  —  divided  by  the  Fluent 
h  x^ 

of  the  former - ,  will  give  1  of  the  Centre  of 

■7,a^ 

Gravity  of  the  Part  D  B  E  F  ;  confequently  the  Centre  of 
Gravity  of  the  Cene  A  B  C  G  is  diflant  from  the  Vertex 
3,  *  of  the  Side  B  G,  in  a  Circle  parallel  to  the  Bafe. 


12.  If  A  BC  D  be  a  regular  Superficies,  and  ABEF 

Centres 


Fig.  6, 
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Centres  will  be  reciprocally  as  the  ^antity  oj  | 
Matter  in  each  Body, 

I 

another  fimilar  thereto,  their  DifFerence  will  be  F E  C  D ; 
and  the  Centres  of  Gravity  of  each  will  be  in  the  Points  'i 
H,  G,  I,  as  is  evident  from  what  has  been  fliewn.  ^ 
Now  (from  Euclid’s  Elements)  we  ha'  e  1  E  C  D  to 
A  B  E  F  as  the  Triangle  F  B  D  to  the  Triangle  A  C  F ;  V 
but  F  B  D  :  A  C  F  : :  FD  :  A  F  : ;  G  H  ;  H  1  ;  where-  T 
fore  if  any  two  regular  and  fimilar  Superficies  or  Solids  J 
together  with  their  Centres  of  Gravity  G,  H,  are  given,  ,  'j 
the  Centre  of  Gravity  I  of  their  Difference  will  be  1 
given  alfo  by  the  above  Analogy.  This  in  many  Me-  ^  J 
chanical  Affairs  will  prove  of  very  confiderable  Ufe.  J 

13,  Thusfor  Example,  fuppofe  A  BCG  and  B  DEF  T 
were  two  fimilar  Cones,  and  their  Centres  of  Gravity, 
when  hollow  or  fiiperficial  were  r  arid  <7  j  but  v.?hen  '  ^ 
folid,’  d  and  b  ;  if  then  we  fuppofe  the  Cone  D  B  E  F  j 
cut  off  from  the  Cone  ABC  G,  there  will  remain  the  -j 
liifFcrence  A  D  E  C  G,  whofe  Centres  of  Gravity, 
when  hollov/  and  when  folid,  may  be  found  as  above  ' 
which  let  be  in  the  t  ircles  elf  and  g  k  at  i  and  k, 

Jf  now  the  truncated  Part  were  made  into  a  Bucket  by 
fixing  in  a  thin  Bottom  at  A  C,  and  fufpendingit  move-  ^  ^ 
able  in  a  Handle  by  Pins  fix’d  bctw’een  the  faid  Cndes 
e  i  f  and  g  k  h,  on  each  Side,  ’tis  evident  fuch  a  Bucket 
when  empty  muft  hang  with  .its  Adouth  downwards; 
and”  when  full  of  Water,  with  the  Mouth  upwards; 
thus  may  fuch  a  Bucket  be  applicable  to  divers  Ufes,  as  fj 
being  capable  of  filling,  and  emptying,  and  moving- 
itfelf  in  different  Forms,  as  the  Bottom  is  fix’d  in  the 
wide  or  narrow  End. 

14.  The  Centre  of  Gravity  of  a  Parabola  ABC,  is 
found  as  in  the  Triangle  and  Cone  ;  thus  let  B  F  x,  .  ( 
DE— y;  then  will  y  x  be  the  P'luxionary  Weight, 
zndyxx  the  F'luxion  of  ths  Momenta  •,  but  from  the 

I 

Nature  of  the  Curve  we  have  y  =  x®'  ,  W'hence  y  x  ~  1 

JL  E  A  .  i 

X,  zndyxx  =.  x^  x  x,  whofe  Fluent -f  divided  ,  | 
A  A  " 

by  I  x^  (the  Fluent  of  x)  will  give  |  x  —  ^  BF for 

Whence, 

i| 
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•  Whence,  fmce  the  Earth  and  Moon 
are  to  each  other  as  about  40  to  i,  and 

the  Diftance  of  the  Centre  of  Gravity  from  the  Vextex 
B  in  the  Part  D  B  E ;  and  fo  |  of  B  G  is  the  Point  in 
the  Axis  of  the  whole  Parabola  A  B  C,  from  the  Ver-  .  . 
tex  B. 

15.  The  Phaenomenon  of  the  double  Cone  is  eafily 
accounted  for,  from  what  we  have  faid  of  the  Centre  9* 
of  Gravity.  For  let  A  B  D  be  the  common  Bafe  of 

the  two  Cones,  its  Centre  C  will  be  the  Centre  of 
Gravity  of  the  Whole  j  therefore  if  D  F  be  the  Leg  of 
a  Ruler  elevated  to  an  Angle  F  D  G,  whofe  Sine  F  G  is 
lefs  than  the  Semidiameter  of  the  Cone  C  D,  his  plain  the 
Centre  of  Gravity  C  at  the  Pofition  of  the  Cone  in  Ii)r 
is  more  diftant  from  the  Centre  of  the  Earth  thaain  its 
Pofition  between  the  Legs  of  the  Ruler  at  F  j  and 
therefore  it  will  defcend  (as  on  an  inclined  Plane  CFE) 
from  C  to  F,  where  it  will  flop,  as  being  fupported  on 
the  Ends  of  the  Ruler, 

1 6.  Let  ABED  reprefent  a  Seftion  of  a  Cylinder 

of  Wood  biafs’d  on  one  Side  with  a  cylindric  Piece  of  ^ 

Lead  as  B,  this  will  bring  the  Centre  of  Gravity  out 
of  the  Centre  of  Magnitude  C  to  fome  Point  G  be¬ 
tween  C  and  B  ;  let  F  H  be  an  inclined  Plane,  w'hofe 
fBafe  is  F  L.  It  is  evident  the  Cylinder  laid  upon  the 
Plane  will  no  where  reft  but  there,  where  a  Perpendi¬ 
cular  to  the  Horizon  F  L  paftes  through  the  Centre  of 
Gravity  G,  and  that  Point  of  the  Plane  E  in  which 
the  Cylinder  touches  it;  and  this  in  all  Angles  of  Incli- 
ination  of  the  Plane  lefs  than  that  whofe  Sine  is  equal 
ito  CG  (the  Radius  being  CD)  will  be  in  two  Situ- 
auons  ABED  and  abed,  becaufe  when  the  Cylinder 
poves,  the  Centre  of  Gravity  defcribing  a  Circle  round 
the  Centre  of  Magnitude  C,  this  Circle  will  meet  the 
Perpendicular  in  two  Points  G  and  g,  in  each  of  which 
the  Centre  of  Gravity  being  fupported,'  the  Cylitider 
will  reft  7'herefore  the  Cylinder  moves  fiom  E  to  e 
by  the  Defcent  of  the  Centre  of  Gravity  from  G  to^, ' 
in  the  Arch  of  the  Cycloid  G  bg, 

2  the 
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the  Diftance  of  the  Moon  6o  Semidiame¬ 
ters  of  the  Earth,  the  Diftance  of  the 

1 7.  If  the  Cylinder  ABED  infifting  on  the  hori- 
Pl.  VIT.  zontal  Line  E  L  m  the  Point  E,  has  the  Centre  of  ' 
Fig-  II.  Gravity  G  in  the  horizontal  Diameter  D  B,  it  tvill 

gravitate  in  the  Perpendicular  G  ^  ;  if  therefore  a  Plane 
F  H  touch  the  Cylinder  in  the  Point  e.  It  is  plain  the  : 
Cylinder  cannot  either  afcend  or  defcend  on  fuch  a 
Plane ;  becaufe  G  in  any  Situation  between  b  and  H, 
or  e  and  F,  it  will  gravitate  to  the  Left  or  Right  from 
the  Point  in  which  the  Cylinder  touches  the  Plane,  and 
fo  will  in  either  Cafe  bring  it  back  to  the  Point  e.  , 

18.  In  this  Cafe  the  Angle  of  the  Plane’s  Inclination  '■ 
H  F L  is  equal  to  the  Angle  E  C^  or  C^  G,  becaufe  S 
E  L  and  F  H  are  Tangents  to  the  Cylinder  in  the 
Points  E  and  e,  and  confequently  the  Angles  EC  e  +  “ 
j) p ^  —  two  Right  Angles  azEF^-pHt  L;  there¬ 
fore  E  C<?  rr  H  F  L.  Hence  it  follows,  that  theCylin-  . 
der  cannot  afcend  on  a  Plane  whofe  Inclination  is  greater 
than  the  Angle  E  C  but  on  a  Plane  of  lefs  Inclina-  ■ 
tion  it  may  ;  and  there  is  a  certain  Inclination  of  the 
Plane  on  which  the  Afcent  will  be  a  Maximum,  but 
’tis  not  v.'orth  while  to  infill:  farther  on  fo  ufelefs  a 
Subieft. 

Fig.  12.  19.  If  D  L  M  E  and  F  P  Q.O  reprefent  two  Wag¬ 

gons  loaded,  the  former  with  heavy  Matter,  as  hyn, 
'~Stone,  &c.  which  lies  low,  and  the  latter  with  a  light 
Subflance  that  rifes  high,  both  on  the  Side  of  an  Hill 
A  B;  ’tis  evident  the  Centre  of  Gravity  of  the  Loid  n 
L  M,  aSing  in  the  DlreBion  R  I,  which  falls  between  1 
the  Wheels  DE  will  keep  the  Waggon  firm  on  the 
Side  of  the  Hill,  (by  Jrt.  5.)  But  in  the  other  Load  1 
N  P  Q_0,  where  the  Centre  of  Gravity  K  rifes  fo  high  ^  i 
above  the  Bottom  6f  the  Waggon,  it  mull  aft  in  a  i 
Diredlion  K  H,  which  falling  without  the  Bafe  Line  i  >: 
F  G  of  the  Wheels,  mull  neceffarily  caufe  the  Wag-  < 
gon  to  overturn. 

20.  For  the  fame  Reafon  a  Man  muft  fall  w’hen  the 
Centre  of  Gravity  adts  in  a  Diredlion  falling  without 
the  Bafe-line  of  the  Feet^  and  tis  by  the  artful  adjull-  [| 

common 
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common  Centre  of  Gravity  of  the  Earth 
and  Moon  will  be  found  about  18^4  Miles 
from  the  Earth’s  Surface  j  and  it  is  this 
common  Centre  of  Gravity  that  defcribes 
the  Annual  Orbit  about  the  Sun,  and  not 
the  Earth  itfelf,  as  is  commonly  faid  and 
thought. 

In  like  manner  there  is  a  common  Centre 
of  Gravity  of  the  Sun  and  all  the  Planets 
which  circulate  about  him  3  and  were  they 
all  placed  in  a  Right  Line  on  one  Side  the 
Sun,  then  would  the  common  Centre  of 
Gravity  of  the  whole  Syftem  be  diftant 
from  the  Sun’s  Surface  eight  T^enths  of 
ibis  Semidiameter:  And  it  is  about  this 
common  Centre  of  Gravity,  and  not  about 
the  Sun,  that  not  only  all  the  Planets,  but 
even  the  Sun  itfelf,  do  conftantly  move 
(XXXVI.) 

ling  of  this  Point  over  the  Rope  that  People  can  tvaik 
lor  fly  thereon  ;  and  that  Tumblers  and  Equilibrifts  per¬ 
form  fuch  Wonders,  In  fine,  ’tis  this  fingle  Principle 
^hat  regulates  every  Kind  of  Motion,  both  Animal  and 
Mechanical,  and  to  which  we  are  naturally  prone  to 
,have  a  much  firidler  Regard  than  we  commonly  think 
of ;  as  would  be  evident  were  we  nicely  to  con- 
ifider  the  Gait,  Pofture,  and  Configuration  of  the  Body- 
under  the  various  Modes  of  Afting,  viz.  of  Walkings 
Sitting.^  Ridings  Stooping.^  Carrying.,  Lifting.,  Drawing.^ 
Pnjidng.,  Reaching.,  Striking.,  Throwing,  he.  and  the 
particular  Manner  in  which  Artifts  fix  a  Wind-Mill, 
Crane,  or  any  fuch  like  Machine. 

(XXXV'I.)  I.  If  two  Bodies  A  and  B  be  connefled  pi 
together,  by  a  Wire  or  Chain  A  B,  they  will  each  of  r-' 

The 
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M  E  C-H  A  N  I  C  S. 

The  common  Centre  of  Gravity  of  any 
Number  of  Bodies  being  fupported,  none 


them  afFeft  the  other  by  their  gravitating  on  the  Line 
A  B  ;  and  alfo  every  Particle  of  that  Line  will  be  af- 
fedted  with  thofe  Gravities,  or  be  carried  downwards, 
but  with  an  unequal  Force,  except  me,  on  which  the 
Force  of  each  Body  is  equal ;  and  fince  we  fhew’d  the 
Force  of  any  Body  A  or  B  arifes  from  its  Quantity  of 
Matter  multiplied  into  its  Velocity,  ’tis  evident,  that 
one  Particle  muft  be  fo  fituated  at  C,  that  B  ;  A 
(:t‘y  ;  V)  ::  A  C  :  B  C.  Becaufe  then  we  have 
~  ~  Or  the  Pro- 


il 

S 


B  X  V  r:  A  X  ■uzzBXACrzAXBC. 
dua  of  each  Body  into  its  Velocity  is  the  fame  at  the 
Point  C,  but  no  other.  -.4  ^ 

2.  The  Point  C  is  therefore  call’d  the  Common  Centre 
of  Gravity  of  both  the  Bodies.  If  the  Diftance  be¬ 
tween  the  Centres  of  the  Bodies  be  given,  and  the 
Magnitude  of  each,  the  Diftance  of  the  Point  C  from  j 
either  may  be  thus  found  ;  asB-f-A;B::AC-j-BC 
(=  A  B)  :  A  C.  Let  A  reprefent  the  Earth,  and  B 
the  Moon;  then  will  A:B;:40:i,  nearly;  and 
fince  A  B  =  60  Semidiameter^  of  the  Earth  ;  we  have 
60 

<^1  :  I  ::  60  :  —  =  A  C ;  and  fince  a  Semidiame- 


i 
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ter  contains  about  4000  Miles,  we  have 


60  X  4000 


41 


n  5854=:  A  C,  from  whence  taking  one  Semidiame¬ 
ter  A  G  =  4000,  there  will  remain  G  C  —  1854  Miles, 
for  the  Diftance  of  the  Point  C  from  the  Earth’s  Surface. 

3.  Since  the  Earth  and  Moon  ad!  on  each  other  by 
Attradlion,  ’tis  evident  they  muft  both  revolve  about 
the  common  Centre  of  Gravity  C  ;  whence  this  Point 
C,  and  not  the  Centre  of  the  Earth  A  is  that  which  the 
Moon  regards  in  her  periodical  Revolutions,  and  were 
there  no  other  Bodies  in  the  Heavens  but  the  Earth  and 
Moon,  this  common  Centre  of  Gravity  C  would  be 
at  Reft,  or  a  fix’d  Point. 

4.  But  fince  the  large  Body  of  the  Sun  commands 
(by  the  fame  Power  of  Attradlion)  the  Earth  and  Moon' 
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of*  thofe  Bodies  can  fall ;  which  is  the  Rea- 
fon  of  many  very  furprifing  Appearances 

to  revolve  about  itfelf,  it  will  follow  that  the  Point  C 
JS  that  which  miift  defcribe  the  Circle  {ox-Orbis  Ma^nm) 
about  the  Sun;  becaufe  no  other  Point  between  A  and 
B  can  keep  always  at  the  fame  Diflance  from  the  Sun, 

,on  Account  of  the  mutual  Revolutions  of  thofe  Bodies 
about  that  Point  at  the  fame  time  they  are  carried  about 
the  bun. 

,  5.  But  m  ill uftrate  this  Matter  further,  let  S  be  the 
Sun,  and  C  D  E  F  a  Part  of  the  annual  Orbit ;  A  and 
B  the  Earth  and  Moon  in  her  Conjunaion  at  C,  in  her 
.Quadrature  at  D,  in  her  Oppofition  at  E,  and  in  her 
laft  Quarter  at  F ;  during  all  thefe  Motions  from  C  to 
^  the  Centres  of  the  Earth  and  Moon  will  defcribe 
^urves  of  the  Cycloid  kind,  every  where  concave  to  the 
sun  ;  and  th^gh  this  may  appear  a  Paradox,  yet  it  is 
papable  of  a  Geometrical  Demonftration,  and  may  be 
thofh^n  by  Experiment.  In  the  common  Allrono- 
nical  Tables  the  Centre  of  the  Earth  is  fuppofed  to 
lefcnbe  the  Orbn  Magnus,  and  the  Place  and  Diftance 
the  bun  or  Earth  is  computed  accordingly  ;  but  thefe 
i'll!  be  different  from  the  true  ones,  which  muff  be 
fomputed  from  the  Circle  which  the  Earth  does  monthly 
common  Centre  of  Gravity;  and 
(US  Difference  is  call’d  the  Menstrual  Paral- 

AX.  ^  ^ 

^  6.  The  Point  C  is  that  in  which  the  Force  of  each 
iiody  A,  and  B,  is  exerted  ;  and  therefore  every  AiSion 
,t  that  Point  is  the  fame  as  it  would  be  if  both  the 
odies  were  there  united  in  one  ;  thus  if  A  and  B  were 
ko  Chain-Shots  the  Point  C  in  the  Chain,  and  no 
|ther,  would  ftrike  an  Obftacle  with  the  greateft  Force 
r  tnat  of  a  Body  equal  to  the  Sum  of  A  and  B. 

7.  If  therefore  a  Wire  be  inferted  in  the  Point  C, 
td  at  the  other  End  any  Body  D  were  affixed  the 
rmmon  Centre  of  Gravity  of  all  the  three  Bodies  A,  Fitr  n 
,_and  Dn7ay  be  found  as  before;  for  let  the  Body 

I  R  t  ^  ^  C  *  CE  ;  or 

T  T  D  •  D  ; ;  C  D  ;  C  E;  and  thus  E  will  be 
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in  Nature,  as  that  common  Experiment  of 
fiifpending  a  Bucket  of  JVater  at  ihe  End  of 


the  Point  fought.  And  in  the  fame  Manner  the  com¬ 
mon  Centre  of  Gravity  in  a  Syftem  of  any  Number  of 

Bodies  may  be  found. 

8.  Hence  the  Common  Centre  of  Gravity  of  the  Sun 
and  Planets  may  be  eafily  found  by  comparing  their 
Quantities  of  Matter  and  Diftances;  thus  kt  ABC 
r^refent  the  Sun’s  Body,  and  S  its  Centre^.  Now  flnce 
the  Bulks  arid  Diftances  of  the  four  hrft  Planets,  Mer- 
cury,  Venus,  the  Earth  and  Mars,  are  very  inconfide- 
rable  in  regard  of  the  Sun,  they  would  not  (if  placed 
in  the  Right  Line  CG)  remove  the  common  Centre  ot 
Gravity  between  the  Sun  and  themfelves  far  from  the 
Centre  of  the  Sun,  fuppofe  to  L.  But  when  we  come  to 
Jupiter,  his  Bulk  and  Diftance  give  him  a  confideraWe 
Momenlum,  which  will  (if  placed  m  the  farne  Line  C  G 

remove  the  Centre  of  Gravity  fromL  to  I,  a  Point  without 

the  Surface  of  the  Sun’s  Body.  Daftly,  if  we  oonftder5a- 
turn  placed  in  the  Line  C  G,  with  all  the  reft  5 
his  Quantity  of  Matter  falls  fhort  of,  yet  his  Diftanc^ 
far  exceeds 'that  of  Jupiter,  and  therefore  his  Moisientum 

will  be  confiderable  enough  to  bring  foe  common  Cenw 

of  Gravity  from  1  to  K,  at  fuch  a  Diftance  y  K  from 
foe  Sun’s  Surface  as  is  equal  to  of  the  Sun  s  Semi  i- 
ameter  S  C  ;  or  S  C  :  C  K  : :  ■  o  :  8.  N^  it  is  tin 
Point  K  which  is  the  fixed  and  immoveable  Centre  ot 
the  Syftem,  about  which  foe  Sun,  as  well  as  all  the  1  la- 
nets,  ^continually  move.  But  the  Sun  being  a  ways 
very  near  it,  and  its  Diftance  therefrom  varying  with  h 
dift^rent  Pofitions  of  the  Planets,  the  Motion  of  the 
Sun  about  this  common  Centre  K  will  be  very  irregu  ar, 
and  unequal ;  while  that  of  the  Planets,  on  account  m 
their  great  Diftance,  may  be  efteem’d  nearly  uniform 

If  the  two  Bodies  A  and  B  move  to  or  from  each 
B  other  in  the  Ihme  Right  Line  A  B,  with  Velocities  pro- 

portionalto  their  Qoantities  of  Matter  inverfely,  foe  com 

Ln  Centre  of  Gravity  C  will  remain  at  Reft,  becaufe 
their  Diftances  from  it  will  by  that  means  be  always  m 
the  fame  Ratio,  wz.  of  their  MafTes  mverfely,  which 
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a  Stick  off  the  liable  without  fallmg  j  the  T^oy 
of  the  Man  a  Jawing,  &c. 

We  have  now  premifed  every  thing  ne- 
ceflary  for  underftanding  the  Nature  of 
thofe  Inftruments  which  are  commonly 
call’d  Mechanical  Powers  or  Machines  : 

They  are  Six  in  Number,  as  follow,  viz. 

The  Lever,  the  Pulley,  the  Wheel  and  Axle, 
the  Inclined  Plajie,  the  Wedge,  and  the 
Screw.  They  are  call’d  Mechanical  Powers, 
becaufe  they  increafe  our  Power  of  moving 
or  raifing  heavy  Bodies,  which  are  often 
unmanageable  by  any  natural  human 
Strength,  not  thus  affifted  j  and  of  two  or 
more  of  thefe  all  other  compound  Inftru*- 
raents  and  Machines  are  contrived  and 
compofed. 

1.  A  LEVER  is  any  inflexible  Line, 

Rod,  or  Beam,  moveable  about  or  upon  a 
fix’d  Point,  (call’d  the  Prop  or  Fulcrum )  ; 
upon  one  End  of  which  is  the  Weight  to 
be  raifed,  at  the  other  End  is  the  Power 
applied  to  raife  it,  as  the  Hand,  ^c.  Since 
(as  we  have  before  proved)  the  Momen- 

is  the  only  thing  that  makes  that  Point  the  Centre  of 
Gravity  between  them.  But  if  both  Bodies  were  to 
move  in  two  different  Planes,  either  in  the  fame  or 
different  Diredlions,  the  Centre  of  Gravity  C  would 
defcribe  a  Right  Line,  and  with  a  Velocity  of  the  fame 
Sort  as  that  with  which  the  Bodies  themfelves  do  move. 

VoL.  L  M 
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turns  of  the  Weight,  and  Power,  are  as  the 
^lantities  of  ^  Matter  in  each  multiplied  by  ^ 
their  refpeBive  Celerities-,  and  the  Celerities 
are  as  the  Dijiances  from  the  Centre  of  Mo-  ,, 
tio7i,  a?jd  alfo  as  the  Spaces  pafsd  through  in  .! 
a  perpendicular  Direction  in  the  fame  fime ;  j 
it  mufl:  follow,  that  there  will  be  an  Equi-  . 
librium  between  the  Weight  and  P ower ,  when  J 
they  are  to  each  other  reciprocally  as  the  Dif-  p 
tances  from  the  Centre,  or  as  the  Celerities  of  ^ 
the  Motions,  or  as  the  perpendicular  Mfcent  or 
Defcent  in  the  fame  ftme ;  and  this  univer- 
fally  in  all  Mechanical  Powers  whatfoever, 
which  is  therefore  the  funda7nental  Pidncipk 
of  all  Mechanics  (XXXVII.)  | 

(XXXVII.)  1 .  The  Nature  of  this  Propofitl  n  being  ^ 
not  underftood  by  Smattercrs  in  Mechanics,  gave  them  J 
Occafion  to  imagine  the  Poffibility  of  a  Perpetual  AJo-j  . 
ttcn  from  cne  Part  of  it,  which  they  did  not  fee  was  ^ 
utterly  impoffible  from  another  Part  of  it.  _  j 

tjt  2.  That  Part  which  feem’d  to  promife  the  Poffibility ^ 
thereof,  was  this,  viz.  That  the  Momenta  of  cq'<al  Bo-^ 
dies  were  as  their  Dijiances  from  the  Centre  of  Motion.^ 
Hence,  fay  the  Perpetual- Motion- Men,  if  a  Wheel ^ 
were  conftrudled  of  the  Form  of  that  in  the  Figure  > 
A  B  C  D,  with  circular  Cells  going  from  the  inner  PartJ 
£F  G  H  to  the  outer,  containing  equal  Balls  C,  D,ji 
E,  F,  then  upon  turning  the  Wheel,  -they  muft  movej 
towards  the  Centre  N  on  one  Part,  as  the  Ball  E,  ^nd^ 
from  it  on  the  oppofite  Part,  as  the  Ball  C  ;  and  by  this^ 
Means  the  Ball  C  will  have  a  greater  Momentum  than, 
the  Ball  F,  and  fo  will  'determine  the  Wheel  to  move 
round  ;  and  fince  this  muft  be  the  Cafe  ot  all  the  Balls] 
E  and  C  that  come  into  the  Situation  E,  C,  the  Wheel  ] 
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To  illuftrate  this,  let  A  B  be  the  Lever  Plate  V. 
fuppofed  without  Weight,  and  F  its  Fid-  9- 
crum  or  Prop  j  let  W  be  a  Weight  fuf- 
j  pended  from  the  End  A,  and  P  the  Power 
applied  to  the  other  End  B.  Then  let  the 
Lever  be  moved  into  the  Situation  CD, 
tis  evident  the  Velocities  of  the  Points 
A  and  B  will  be  as  the  Arches  A  C  and 
B  D  defcribed  in  the  fame  Time :  Alfo  the 
perpendicular  Dillances,  through  which  the 

muft  neceffarily  move  continually,  becaufe  it  will  con¬ 
tinually  bring  two  Balls  into  that  Situation. 

B  were  there  but  two  Balls  E  and  C,  the 

rsall  C  would  by  this  Contrivance  move  the  Wheel 
one  Quarter  round,  viz.  while  it  defcended  from  C  to 
,  iJ  ;  and  by  this  Means  would  raife  the  Ball  E  to  F  • 
and  there  they  will  abide  in  the  Situation  D  F ;  but,  fav 
the  Gentlemen  of  this  Perfuafion,  two  other  Balls  fuc- 
iceeding  to  the  Places  E  and  C,  will  ftill  keep  the  Wheel 
Imovmp— Yes,  fo  they  would,  if  the  Balls  at  D  and  E 
could  be  taken  away  the  Moment  they  come  into  that 
Pofition,  not  elfe ;  for  the  Balls  C  and  E,  in  order  t6  ' 
move  the  Wheel,  muft  move  the  Balls  D  and  F,  which 
have  Momenta^  (as  being  at  the  fame  Diftance  each 
from  the  Centre,  as  are  the  other  two  refpetSively ) 

Which  is  abfurd  by  the  general  Propofition. 

4.  The  Abfurdity  of  a  Perpetual  Motion  will  ftill 
•'ferther  appear,  if  we  conlider,  that  the  Momenta  of 
Podies  are  always  proportion’d  to  the  perpendicular 
Helcem  or  Afcent  to  or  from  the  Centre  of  the  Earth, 
bince,  therefore,  in  the  Wheel,  the  Bodies  are  all 
equal  by  Suppofition,  and  the  perpendicular  Spaces 
drfeend  and  ajeend  below  and  above 
the  Horizontal  Line  opDiameter  A  C,  are  equal;  it 
ollows,  thzt  zn  Equilthr!u?n  muft  necelTarily  enfue. 

1  hus  fo  far  is  this  Wheel  from  producing  a  Perpetual 
Motion,  that  it  admits  of  none  at  all. 

M2  Weight 
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Wei'^ht  W  and  Power  P  move  in  the  fame  ? 
Time,  are  C  E  and  G  D,  which  are  as  the  (■ 
Arches  A  C  and  B  D;  and  thefe  are  as  the  ; 
Radii  C  F  and  D  F,  which  are  equal  to  . 
A  F  and  B  F.  Therefore  in  order  to  pro- 
duce  an  Equilibrium,  it  mud:  be  W  X  A  C  ^ 

=  P  X  B  D,  or  W  X  CE  P  X  D  G,  or 

WxAF  =  PxBF:  Confequently,  P :  W  ' 
::  AC  ;  BD  ::  CE  :  DG  ::  AF  :  BF. 

Note,  that  in  eftimating  the  EffeBs  of  Ma- 
chmes,  u'e  regard  only  the  Dijlances^  of  the  ^ 
Power  or  Weight  which  are  perpendicular  to 
the  Lines  of  DireBion  in  which  thofe  Powers 
aB,  as  F  B,  or  F  M,  which  are  perpendicular  ' 

to  the  DireBions  P  B  and  L  M.  '  . 

The  Le^cer  is  of  five  Kinds.  (i.)  The  , 
common  Sort,  where  the  Prop  is  between 
the  Weight  and  the  Power,  but  neareit 
the  former.  (2.)  When  the  Prop  is  at  one 
End,  the  Power  applied  at  the  othei,  and 
the  Weight  between  both.  (3.)  When 
the  Prop  is  at  one  .  End,  the  Weight  at  _ 
the  other,  and  the  Power  applied  be¬ 
tween  both.  (4-)  The  bended  Levei^-- 
which  differs  only  in  Form  from  the  firftj 
Sort.  (5.)  When  the  Prop  is  placed  at  i 
an  equal  Diflance  between  the  Weight  and 
the  Power,  and  this  is  commonly  call’d 
The  Balance,  whofe  life  is,  with  a 

Pair  of  Scales,  to  bring  one  Body  to  an 

equal  A 
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equal  Weight  with  another  that  is  a  Stand¬ 
ard.  The  Proportional  Balance  is  without 
Scales,  and  is  ufed  for  difcovering  or  aflign- 
ing  any  Proportion  of  Weight  in  Bodies. 
The  Falfe  Balance  makes  Bodies  of  unequal 
Quantities  of  Matter  appear  to  have  equal 
Weight.  Laftly,  the  St  at  era,  or  Roman 
Balance,  commonly  call’d  the  Steelyard,  is 
a  moft  ufeful  Kind  of  univerfal  Balance, 
the  Strudlure  and  Ufe  whereof  will  be 
eafy  to  underftand  from  the  above  Prin¬ 
ciples. 

II.  The  pulley  is  an  Inftrument 
well  known  3  if  fingle,  it  is  reduced  to  the 
Lever  of  the  fifth  Sort,  or  Balance,  and 
fo  affords  no  Advantage  in  raifing  Weights. 
If  two  or  more  be  combined  together  in 
the  common  Way,  Fhen  the  Power  is  to 
the  Weight  as  Unity  to  the  Number  of  Ropes 
which  goes  to  the  Pulleys  oj  the  lower  Box. 
But  there  are  different  Ways  of  applying 
Pulleys,  whofe  Advantage  or  Power  will  be 
obvious  from  a  View  of  the  Stru61:ure  of 
the  feveral  Sorts  of  Packles,  and  the  Expe¬ 
riments  with  them. 

III.  TheWHEEL  and  AXLE  (com¬ 
monly  call’d  the  Axis  in  Peritrochio J  is  the 
third  Mechanical  Power.  We  eafily  fee  by 
its  Make  it  is  reducible  to  a  Lever  of  the 
firft  Sort  3  and  that  therefore  the  Power  is 
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to  the  Weight,  as  the  Diameter  of  the  Axle  \ 
to  the  Diameter  oj  the  Wheel,  in  an  Equi-r 
librium  in  this  Machine. 

IV.  The  inclined  PLANE  is 
the  fourth  Mechanical  Power,  and  from  a 
due  Confideration  of  it,  it  will  appear, 
that,  for  an  Equilibrium,  the  Power  mujl  ? 
be  to  the  Weight,  as  the  Height  of  the  Plane  , 
to  the  Length. 

V.  The  wedge  is  only  a  double  In-: 

dined  Plane,  intended  to  feparate  the  Parts 
of  Wood,  &c.  which  ftrongly  cohere  to¬ 
gether  i  whence,  in  the  common  Form  oft 
it,  the  Power  will  be  to  the  Refiftance  to  bel, 
overcome,  as  half  the  Phicknefs  of  the  W edge  t0'^ 
the  Length  thereof.  fii 

VI.  The  screw  is  the  laft  mention’d 
Mechanical  Power,  whofe,  Ufe  is  both  for. 
Preffure  and  raifing  of  Weights,  but  chiefly  i- 
the  former.  Phe  Power  ts  to  the  W eight, 
as  the  Velocity  of  the  Weight  to  the  V elocity  of  . 
the  Power,  that  is,  as  the  Difance  between  \ 
two  Phreads  of  the  Screw  to  the  Circumfe--.  , 
rence  of  a  Circle  defcribed  by  the  Pov^er  j 
(XXXVIII.) 

(XXXVIII.)  I.  Notwithfiandlng  the  Demonftration  | 

of  the  Fundamental  Principle  of  Mechanics,  as  deliver’d  I 
in  the  Ledutes,  is  moft  natural  and  perfpicuous,  and  .. 
?afily  rcfults  from  what  has  been  faid  of  ti^e  Momentum 

'■ 
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We  have  Iiere  confider’d  the  Adllon  or 
Effedlxof  each  of  thefe  Machines,  as  they 


of  Bodies  and  their  common  Centre  of  Gravity:  Yet 
as  Sir  Ifaac  Neuton  has  demonftrated  the  fame  Thing 
in  a  different  and  moft  extenfive  Manner,  which  alfo 
is  the  Confequence  of  a  different  Principie,  viz.  the 
Compofitlon  and  Refolutlon  of  Forces  and  Ratios,  it  will 
be  proper  to  exhibit  and  explain  that  alfo,  which  is  as 
follows. 

2.  Suppofe  two  Weights  A,  P,  appended  by  thepj,  yjjf 
Strings  M  A,  N  P,  at  the  Ends  of  unequal  Radii  pjg  2. 
;0  M,  O  Ni  iffuingfrom  the  Centre  O  of  any  Wheel,  ° 

iin  a  State  of  Equilibrium  ;  thofe  Weights  will  be  to 
each  other  reciprocally  as  OL  to  O  K,  that  is,  A  :  P 
; :  O  L  ;  O  K,  or  as  the  neareft  Diftances  of  their  Lines 
of  Direftion  from  the  Centre  reciprocally. 

3.  For  on  the  Centre  O  with  the  Radius  O  L  de- 
fcribe-an  Arch  cutting  the  Thread  M  A  in  £),  and 
draw  OD  which  continue  out  to  E,  to  which  draw 
AE  perpendicular  and  compleat  the  Parallelogram 
A  E  D  C.  Now  fince  K  L  paffes  through  the  Centre 
O,  and  is  perpendicular  to  each  String  in  the  Points  K 
pad  L  by  Suppofition  ;  it  matters  not  whether  the  Body 
A  and  P  be  fufpended  from  the  Points  M  and  N,  or  K 
and  L,  or  D  and  L,  fince  the  Weight  of  the  Bodies  is 
[the  fame  in  either  of  thofe  Points  refpedively. 

4.  Therefore  let  A  D  expound  the  whole  Force  of 
the  Weight  of  the  Body  A,  and  let  it  be  refolved  into 
the  two  Forces  D  E  and  A  E,  of  which  the  former 
drawing  direSly  from  the  Centre  avails  nothing  in 
moving  round  the  Wheel;  but  the  other  Part  A  E  or 
jC  D,  aiding  perpendicularly  upon  the  End  of  the  Ra¬ 
dius  O  D,  has  the  fame  Force  or  produces  the  fame 
Effeif  as  if  it  had  ailed  perpendicularly  at  the  End  of 
the  equal  Radius  O  L. 

5.  Therefore  the  Weight  of  P  will  be  exprefs’d  by 
DC  (or  A  E)  becaufe  of  the  Equilibrium  •,  and  hence 
the  Weight  of  A  is  to  that  of  P  as  A  D  to  A  E  ;  and 
pecaufe  of  the  fimilar  Triangles  A  E  D  and  D  O  K, 
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would  anfwer  to  the  Stri6lnefs  of  the 
Mathematical  Theory,  were  there  no  fuch 


we  have  AD:AE::DO  (:r:LO);OKi  there¬ 
fore  A  :  P  : :  O  L  ;  O  K. 

6.  If  the  Weight  (equal  to  P)  fufpended  by  the 
String  N  p,  does  at  the  fame  time  in  part  reft  upon  the 
inclined  Plane  p  G  ;  letp  Chbe  drawn  perpendicular  to 
p  N,  p  H  perpendicular  to  the  Horizon,  and  H  G 
through  the  Point  N  perpendicular  to  p  G  :  Then  will  the 
Tenfion  of  the  String  P  N  be  to  that  of  the  String  p  N, 
aspH  topN.  For  fuppofe  the  Body  p  wholly  fup- 
ported  by  the  two  Planes  p  G,  p  Q,>  ft  will  prefs  them 
with  its  whole  Force,  which  may  be  exprefs’d  by  p  H, 
and  which  is  refolvable  into  the  two  Forces  H  N  and 
p  N,  of  which  the  firft  prcffes  the  Plane  pG,  and  the 
laft  the  Plane  p  Q_;  if  therefore  the  Plane  p  Q_be  re¬ 
moved,  the  fame  Force  will  ftretch  the  String  p  N  ; 
but  fince  p  =  P,  the  Force  with  which  P  ftretches  the 
String  P  N  is  as  p  H;  therefore  the  Tenfion  of  the  String 
P  N  is  to  that  of  the  String p  N  as  p  H  top  N. 

7.  Let  the  Force  of  p  to  move  the  "Wheel  (as  fup- 

ported  on  the  Plane)  be  called  x.  Then  P  ;  : :  p  H 

XT  j  /•  r>  ^  X  p  H  A  X  O  K  , 

:  p  N  ;  and  fo  P  =  '  q  l"  (^7  5th), 

whence  we  have  this  Equation,  x'KpH  XOLnA 
X  O  K  X  p  N  ;  therefore  A  ;^::pHXOL:pNX 
O  K.  But  here  ’tis  to  be  obferved  that  as  the  String 
PN  is  changed  into  the  Pofition  p  N,  its  neareft  Dif- 
tance  O  L  will  become  O  R,  fo  that  the  Analogy  be¬ 
tween  A  and  x  corrected  will  beA:x;:pHXOR; 
p  N  X  O  K. 

8.  From  what  is  demonftrated  it  follows,  (i.)  That 
the  Line  K  O  L  is  a  Lever,  whofc  Power  is  always 

exprefs’d  by  the  Ratio  (2.)  That  the  Lines  M 

O  L,  MON,  D  O  L,  are  alfo  Levers  of  equal  Force, 
becaufe  the  neareft  Diftance  of  their  Lines  of  Direiftion 
from  the  Centre  O  is  the  fame  In  all.  (3.)  Whenever 
the  Lever  KL  is  moved,  the  Velocity  of  the  Points 
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thing  as  Friction  or  rubbing  of  Parts 
^  upon  each  other,  by  which  means  one  Third 

K  and  L  will  be  be  proportional  to  the  Diftances  from 
the  Centre  K  O  and  O  L.  (4.)  Therefore  the  Velo¬ 
cities  alfo,  and  perpendicular  Spaces  pafs’d  through  by 
the  Bodies  A  and  P,  will  be  proportional  to  the  faid 
’  Diftances  from  the  Centre. 

9.  Since  P  :  A  : :  K  O  :  LO ;  ’tis  evident  the  Power 
P  may  be  in  any  Proportion  lefs  than  the  Weight  A, 
if  its  Diftance  from  the  Centre  of  Motion  O  L  be  in 
the  fame  Proportion  greater  than  the  Diftance  of  the 
Weight  KO,  and  yet  its  Force  or  Momentum  fliall  be 
equal  to  that  of  the  Weight  A.  Whence  the  Nature 
of  a  Lever  for  increafing  a  Power  fufficiently  appears. 

10.  If  the  Diftances  from  the  Centre  OK  O  L  ; 
then  will  the  Lever  become  a  common  Balance.^  becaufe 
then,  in  order  to  an  Equilibrium^  the  two  Bodies  A  and 
P  muft  have  equal  Weight. 

1 1.  If  the  Arms  of  the  Balance  K  O  and  O  L  dif¬ 
fer  but  a  very  little  in  Length,  there  will  be  the  fame 
Difference  in  the  Weights  A  and  P.  Whence  if  O  K 
;  O  L  31  :  32  : :  P  :  A.;  and  therefore  if  A  is  an  Aver- 
dupois  Pound,  P  will  want  4  Ounce  of  it  and  yet  be 
in  Equilibno.  Hence  the  Nature  of  a  Falfe  Balance  is 
evident ;  and  in  order  to  deteft  It  we  need  only  inter¬ 
change  the  Weights,  for  then,  in  order  to  an  Equili¬ 
brium.,  we  muft  have  K  O  :  O  L  : :  f3i  :  32  : ;)  32  : 

33  -V  ;  but  of  this  there  wants  2  /t  half  Ounces,  which 
will  render  the  Fraud  very  notorious. 

12.  The  Arms  of  a  Balance  being  nicely  equated 
in  Weight  and  Length,  and  divided  into  an  equal 
Number  of  equal  Parts,  becomes  the  Proportional  Ba¬ 
lance  to  be  ufed  without  Scales.  For  any  two  Bodies 
hanging  on  the  Arms  of  this  Balance  in  Equilibria,  will 
have  the  Proportion  of  their  Weights  exprefs’d  by  the 
Numbers  at  the  Divlfions  (whence  they  hang)  alter¬ 
nately. 

13.  If  A  C  the  fhorter  Arm  of  a  Balance  be  madepj,  VIII. 
equal  in  Weight  to  C  E  the  longer  Arm,  by  the  Ad- 

dition  of  the  Ball  A,  fo  that  the  whole  Beam  A  E 

Part 
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Part  of  the  Effect  of  the  Machine  is,  at  a 
Medium,  deftroy’d,  as  is  evident  by  an  ex¬ 
may  be  nicely  equipoifed  on  the  Centre  of  Motion  C, 
it  then  becomes  the  or  Steel-yard  in  com*  ■ 

mon  Ufe.  For  if  B  be  taken  as  a  fix’d  Point  from 
whence  to  hang  any  Weight  W,  and  P  be  any  con- 
ftant  Weight,  which  by  moving  backwards  and  for¬ 
wards  on  the  longer  Arm  CE,  comes  to  a  Point  D 
of  the  Equilibrium ;  then  will  P:W;:CB:CD; 
but  becaufe  P  and  C  B  are  given  Quantities,  or  always 
the  fame,  therefore  W  will  always  be  as  C  D.  Con- 
fequently  if  the  Arm  C  E  be  divided  into  Parts  each 
equal  to  C  B,  and  number’d  ;  the  Number  at  which  P 
hangs  will  always  fhew  how  many  times  P  is  contained 
in  W,  and  thence  its  Weight  will  be  known. 

14.  If  A  D  B  E  be  a  Pulley,  upon  which  hang  the  ■ 
Weights  P,  W  ;  then  fince  the  neareft  Diftances  of  the  |' 
Strings  A  W  and  BP,  from  the  Centre  of  Motion  C,  ’ 

*  are  A  C  and  B  C,  the  Pulley  will  be  reduced  to  the  ' 
Lever  or  Balance  A  B  with  refpeft  to  its  Power ;  and 
from  thence  it  appears  that  fince  A  C  zr  B  C,  we  fhall  ■ 
always  have  P  zz  W  for  an  Equilibrium  ;  and  therefore 
no  Advantage  in  raifing  a  Weight,  &c.  can  be  had 
from  a  firtgU  Pulley.  '| 

15.  In  a  Combination  of  two  Pullies  A  B  and,  if 
D  F  E  G,  the  Power  is  doubled  ;  for  the  Pulley  D  F  E  G 

is  reducible  to  the  Lever  E  D,  which  mufl.  be  confider’d  : 
VIII.  as  fixed  in  the  Point  E  to  the  immoveable  String  HE;  I 
_  ^  and  the  Power  ailing  at  D  is  equal  to  P,  and  the  - 

Weight  W  is  fuftain’d  from  the  Centre  C  of  the  Pul-  i 

ley,  but  P  :  W  : ;  C  E  :  D  E ;  therefore  fince  D  E  :z;  '4 

2  C  E,  it  is  W  zz  2  P,  or  P  =:  1  W. 

16.  The  Force  of  the  Pullies  may  alfo  be  eafily  1 
fhewn  by  comparing  the  Velocities  of  the  Power  and 
Weight;  for  ’tis  evident,  if  the  Weight  W  be  railed 
one  Inch,  each  String  H  E,  B  D,  will  befliorten’d  one 
Inch,  and  confequently  the  String  A  P  will  be  lengthen’d  ■ 
two  Inchei.,  and  fo  P  will  pafs  through  twice  the  Space  ' 
that  W  does,  in  the  fame  Time,  whence  its  Velocity 

peri  meat 
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ipeiiment  of  the  Inclined  Plane.  And  far-  ' 
ther,  concerning  Fridtion  we  are  to  ob- 
I  ferve,  that  it  is  not  prqsportional  to  the 

[will  be  twice  as  great,  and  therefore  it  will  be  equipol¬ 
lent  to  a  Body  W  of  twice  its  Weight, 
i  17.  In  the  two  other  Forms  of  Bullies  ’tis  evident  pj,  VII 
WiQ  Power  P  is  to  the  Weight  W  as  Unity  or  i  to  Fig. 
Number  of  Ropes  going  to  the  lower  Pullies,  becaufe  if 
the  Weight  be  raifed  one  Inch,  each  Rope  belonging  to 
l;he  lower  Bullies  will  be  fhorten’d  one  Inch,  all  which 
will  go  into  the  Rope  to  which  the  Bower  B  is  applied, 
which  therefore  muft  defeend  through  fo  many  Inches 
in  the  fame  Time.  Confequently  the  Tackle  of  Bul¬ 
lies  in  the  Form  of  Fig.  6.  will  increafe  the  Bower  five 
Times  ;  and  that  of  Fig  7.  will  increafe  it  fix  Times. 

18.  In  the  Difpofition  of  Pullies  according  to  Fig.  8.  g 
’tis  plain,  fince  each  Bulky  has  a  fix’d  Rope,  it  muft  ° 
be  confider’d  as  a  Lever  of  the  fecond  Sort,  and  fo 

'  will  double  the  Bower  of  the  foregoing  Pulley,  and  fo 
paur  Pullies  will  increafe  the  Power  fixteen  Times. 

19.  For  the  Force  and  Conveniency  of  a  Tackle  pj~  „ 

;  af  Pullies  all  together,  none  is  equal  to  that  in 

Ehe  Form  of  Fig.  9.  where  the  uppermoft  Pulley  is 
ix’d,  and  each  has  a  Rope  annex’d  to  the  Weight; 
its  Power  is  therefore  thus  eftimated.  When  the 
r  Weight  W  is  raifed  one  Inch,  the  Rope  A  B  will  be 

(;  lengthen’d  as  much,  and  fo  the  Pulley  C  will  defeend 
pne  Inch,  by  which  means  the  Rope  C  D  will  be 
lengthen’d  two  Inches,  and  one  by  the  Rifing  of  the 
f  Weight  W  ;  wherefore  the  Pulley  E  will  defeend  three 


p  fnehes;  and  thus  the  Rope  E  P  will  be  lengthen’d  fix 
Inches  by  that  means  (viz.  three  on  each  Side)  alfothe 


IRifing  of  the  Weight  will  caufe  it  to  lengthen  one  Inch 
more  ;  fo  that  the  Power  P  goes  through  feyen  Inches 
■while  the  Weight  W  rifes  one  ;  therefore  P  ;  W  ;  ; 
1:7;  and  thus  you  proceed  for  any  other  Number. 


20.  The  Wheel  and  Axle  is  a  Mechanical  Powerp; 
upon  the  fame  Principle;  for  the  Weight  W  hanging 


fiom  the  Axis  A  will  be  to  the  Power  P,  which  keeps 
■  It  'm  Equilibrio,  inverfely  as  their  Velocities;  but  the 
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Velocities  are  as  the  Circumferences  of  the  Wheej  and 
Axle  j  which  again  are  as  their  Diameters  or  Semidi¬ 
ameters,  that  is,  'as  their  Diftances  from  the  Centre  of 
Motion.  If  the,  Spokes  or  Handles  F,  G,  H,  I,  K, 
Cfr.  be  added,  the  Power  of  the.Machine  is  ftill  farther 
augmented  in  Proportion  to  their  Lengths. 

21.  That  the  Inclined  Plane  is  a  Mechanical 
Power  appears  fufficiently  in  its  diminifliing  the  W eight 
of  a  Body  laid  upon  it  in  regard  to  the  Power  which 
holds  it  in  Equilibrio,  Let  A  be  a  Body  fuftain’d  on 
the  Inclined  Plane  BD  ;  from  the  Centre  C,  drawCF 
perpendicular  to  the  Horizon  or  Bafe  DC;  andCE 
perpendicular  to  the  Plane,  then  C  F  will  repreftnt  the 
whole  Weight  or  Force  of  Gravity  of  the  Body  A, 
which  is  refolvable  into  the  two  Forces  C  E  and  EF; 
but  the  Force  C  E  being  perpendicular  to  the  Plane 
a£ls  wholly  upon  it,  and  is  equally  re-a£led  on  or 
I'uftain’d  by  the  Plane;  the  other  Force  EF,  being 
parallel  to  the  Plane,  is  that  by  which  the  Body  defcends,' 
or  is  kept  from  defcending  by  an  equal  Power  adling  in 
a  contrary  Diredlion.  Therefore  the  whole  Weight 
of  the  Body  Is  to  the  Power  which  keeps  it  in  EquHi- 
brio  on  the  Plane  as  C  F  to  F  E,  or  (becaufe  the  Tri¬ 
angles  C  F  E.  and  B  D  C  are  fimilar)  as  B  D  to  B  C, 
that  is,  as  the  Length  of  the  Plane  to  its  Height,  as 
was  more  particularly  ftiewn  in  Annot,  XXVIII.  i,  2. 

22.  The  Power  of  the  W^edge  ACB  H  is  evident 
from  its  confifting  of  two  equal  Inclined  Planes  A  H  C 
and  B  H  C;  as  it  is  chiefly  of  ufe  to  feparate  the  ad¬ 
hering  Parts  of  Wood  ;  and  fince  the  Power  of  Co- 
hefion  in  Wood  is  every  where  variable  and  uncertain, 
’tis  evident  there  can  be  no  regular  Calculation  of  the 
aflual  Effedl  of  the  Wedge;  but  if  we  fuppofe  the 
Power  of  Cohefion  in  the  Wood  AD  E  B  to  be  uni¬ 
form,  or  to  make  every  where  an  equal  Refillance  to 
the  Wedge  ABC,  dividing  its  Parts  A  F  and  B  G, 
then  the  Power  of  the  Wedge  would  be  to  the  Refift- 
ance  of  the  Wood,  as  their  Velocities  inverfely,  that 
is,  as  the  Spaces  moved  through  in  the  fame  Time, 
that  is,  CIS  the  Height  of  the  IVedge  WC  to  half  its  Width 
A  H.  But  the  Wedge  being  only  a  double  inclined 
Plane,  is  not  really  a  different  Mcchaniial  Power ^  tho’ 
ulually  reckoned  as  fuch. 
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j  23.  Tn  the  Screw  A  B,  fuppofe  the  Dif^ance  of  the  pl,  VIII. 
[Spiral  Threads  1^0  of  an  Inch,  and  the  Length  of  the  Fig.  I2. 

•  Lever  F  G  =  1 6  4  Inches,  then  will  the  Circles  de- 
!  Jtribed  by  the  Hand  at  F  be  —  16,5  X  6,3  —  to3i9> 
ijr  104  Inches  nearly,  that  is,  1040  Tenths  of  an 
..  jfnch  ;  whence  the  Velocity  of  the  Power  is  to  that  of 
;he  Weight,  as  1040  to  i ;  therefore  the  Screw  is  a 
.great  Mechanical  Power,  either  for  raifing  Weights  or 
:  t*refrure,  even  though  we  allow  the  greateft  Part  for 
<  Fridion  ■,  but  it  is  properly  a  Compound  Power  confift- 
■  iing  of  the  Lever  and  Inclined  Plane  ;  and  therefore  we 
lean  find  but  four  fuch  as  we  can  properly  call  Simple 
Mechanical  Powers. 


Scholium; 


1  24.  Having  treated  of  the  Simple  Pendulum  in  the 
[preceding  Ledfure,  and  6f  the  Nature  of  the  Lever 
in  this ;  I  fhall  here  let  the  Reader  fee  how  nearly 
Ithefe  two  Inftruments  are  allied,  or  rather  fhew  him 
that  Lever  is  in  reality  nothing  but  a  Compound  Pen¬ 
dulum  j  from  whence  many  Particulars  concerning  the 
Properties  of  each,  not  hitherto  mention’d,  will  occur 
worthy  of  Obfervation. 

25.  Let  C  D  be  a  fine  Rod  or  Wire  (whofe  Weight  Plate  IX. 
ts  inconfiderable)  and  moveable  about  the  Point  C.  If  Fig.  i. 

A  and  B  be  two  Bodies  (of  the  fame  Kind)  fixed  at 
I  ipy  Diftance  C  a,  C  bon  the  Rod  ;  and  then  the  Rod 
f  permitted  to  defeend  freely  ;  the  Bodies  A  and,  B  will 
ii  aegin  their  Motions  with  Velocities  proportional  to  Ca 
^  land  C  Z>,  and  fo  their  refpedive  Momenta  will  be  A  X 
[  iCfl  and  B  X  Ci',  in  the  Points  a  and  b  (by  Jnnot. 
i  , XXXVIII.) 

L  ,1  26.  Now  if  A  :  B  : :  :  OT then  will  A'K  am 

E  \—  B  X  b  mi  and  confequently  the  Point  m  will  be  the 
I  Common  Centre  of  Gravity  between  the  Bodies  A  and 
t  :B  (by  Annot.  XXXV.)  Wherefore  fince  the  Velocity 
t  of  the  Point  m  is  as  C  w,  its  Momentum  will  be  as  C  X 
.  ijA  -f-  B  ;  and  from  the  Nature  of  the  common  Centre 
■  pf  Gravity,  we  have  AXCrt-j-BXC^^CzBX 


|A  +  B  i  and  therefore 


putting 


C  a  —  a,  C  b  and  C  m  —  d\  then 
Suppofe  the  Moment  the  Rod  C  D 


=  d. 


by 

A  a  -f-  B  ^ 

'  A+  “B 

began  to  defcend,  the  B  dies  A  and  B  were  to  be  dif- 
engaged  from  it  in  fuch  a  Manner  as  to  defcend  upon  It 
freely;  th^i  will  they  defcend  (not  in  the  Curves  ap  and 
b  q,  but)  in  the  Tangents  a  c  and  b  d,  defcribing  the 
Spaces  a  Cy  b  dy  which  will  be  as  the  Inceptive  Veloci¬ 
ties  Q  Qy  C  b  •,  and  of  courfe  when  the  Rod  comes  into 
the  Situation  C  dy  the  Bodies  will  be  at  c  and  d ;  it  be¬ 
ing  in  this  Cafe  Ca  :  C  b  ::  a  c  :  b  d  ::  C  c  :  C  d.  And 
m  n  will  be  the  Line  defcribed  by  the  commoa  Centre 
of  Gravity.  ‘ 

27.  Ate  and  dy  Jet  us  fuppofe  the  Bodies  again  fix’d; 
to  the  Rod,  they  will  then  conftitute  a  Compound  Pen¬ 
dulum,  which  will  now  vibrate  forwards  and  backwards ; 
through  the  Angle  dCr,  the  Body  A  defcribing  the! 
Arch  c  e  Sy  and  B  the  Arch  d  f  r,  and  the  common  I 
-Centre  of  Gravity  n  the  Arch  no  1.  As  this  Pendulum  ; 
vibrates,  the  Velocities  of  the  Bodies  will  be  every 
where  as  their  Diftances,  and  greateft  of  all  in  the 
Perpendicular  Situation  C  e  f:  Where  the  Velocities  of 
the  Points  e,  o,  f,  may  ftill  be  reprefented  by  a,  d, ; 
and  b. 

28.  Now  this  Compound  Pendulum  is  ifochronous  to  . 
’  {i.  e.  vibrates  in  t,he  fame  Time  with)  fome  fimple  , 

•Pendulum  of  a  determinate  Length  P  If  then  in 
the  Compound  Pcnduluon  C  d  there  be  taken  C  x  P  Q_, 
the  Point  a-  is  called  the  Centre  of  Ofcillation  in  this 
Compound  Pendulum  ;  for  If  the  Bodies  A  and  B  were 
there  fixed,  the  Times  of  Vibration  would  be  the  fame  ' 
then  as  now  :  To  determine  this  Point  therefore,  is  to  ■ 
determine  the  Time  of  Vibration  in  any  Compound  Pen-, 
dulum  whatfoever, 

29.  In  order  to  this;  let  us  once  more  fuppofe  the 

Moment  the  Bodies  A  and  B  come  to  the  Points  e  and  f 
in  the  Perpendicular,  they  were  difengaged  from  the 
Rod,  and  were  to  afeend  at  the  End  of  a  String  fepa- 
rately,  with  the  Velocities  they  had  acquired  by  their 
Dcfcent  in  the  Points  e  andy.  Then  the  Altitudes  i  g 
and  kh,  to  which  they  will  afeend  above  tbe  Horizon¬ 
tal  Line  e  i  will  be  as  the  Squares  of  the  Ve¬ 

locities 
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I  loclties  at  e  and  f  j  that  is,  a  a  and  hh  •,  zs  is  evi- 
I  '  dent  from  what  has  been  elfe where  fliewn  (Amotatl 


XXVI.  2,  3.) 


:  30.  The  Bodies  A, and  B  will  in  this  Cafe  arrive  to 

the  Points  g  and  h  before  their  Motion  will  be  deftroy’d. 
;  And  ’tis  plain  that  is  lefs  than  e  c  ox  e  becaufe  the 
;  '  Body  A  is  retarded  in  coming  from  C  to  f  by  the 
I  Body  B.  Alfoy^  is  greater  than  df  ox  f  r,  becaufe  B 
'  has  its  Motion  quicken’d  by  the  Body  A.  And  as 
,  i  when  in  paffing  from  d  to  f,  the  perpendicular  Spaces 
I  defcended  thro’  are  as  the  Velocities  fingly,  and  the 
Mumenta  as  the  Velocities  and  Mafles  of  Matter  con- 
i  jointly ;  fo  on  the  other  Side,  in  paffing  from  f  and  e 
to  h  and  the  perpepdicularSpaces  afcended  through  are 
;  as  the  Squares  of  the  initial  Velocities,  the  Momenta 
'will  be  as  the  Maffes  of  Matter,  and  thofe  perpendi- 
cular  Spaces  conjointly ;  that  is,  as  A  «  «  and  b. 

;  i  31.  Now  in  all  Cafes,  the  Sum  of  the  Momenta  di- 
t  vided  by  the  Sum  of  the  Mafles  gives  a  Quotient  ex- 
>  ,  preffing  the  Velocity,  or  Afcent  or  Defcent  of  the  Centre 


>  of  Gravity.  (See  Art.  26.)  Therefore  ^  ^  ^  ^ 


A  +  B 


(  7=1  d—  the  Afcent  of  the  Centre  of  Gravity;  for  the 
;  Momentum  of  this  Centre  of  Gravity  is  on  both  Sides 
I  the  Perpendicular  C  f  the  fame  at  equal  Diflances,  and 
'•  'therefore  it  will  always  afcend  or  defceitd  through  the 
'  fame  perpendicular  Heights. 

32.  Having  thus  obtain’d  the  Expreffion  of  the  De- 
I  I  fcent  of  the  Centre  of  Gravity,  we  have  that  for  the  " 
I  Centre  x  of  .Ofcillation  of  courfe,  for  we  have  As  C  «  ; 


A  a  a  M  ^  ^  ^  Aaax-^^bbx 


A  -j-  B  ’  Ad  -f-  B d 


Defcent  of  the  Centre  of  Ofcillation.  But  the  Defcent 
'  is  equal  to  the  Afcent;  for  the  Point  x  is  adtuated  and 
moved  in  the  fame  Manner  as  the  Body  Q,  which  in 
one  Ofcillation  defcends  and  afcends  through  equal  per¬ 
pendicular  Spaces,  and  thofe  Spaces  are  always  as  the 
''Squares  of  the  Velocities  in  the  lowed  Point ;  and  there- 

ifore  for  the  Point  x,  it  will  be  as  Qx^  zz  x  x.  Whence 


zz  X  X',  and  therefore 

A  aa 
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^  the  Diftance  of  the  Centre 

A  i  +  B  ^ 

of  Ofcillation  from  the  Centre  of  Motion. 

33.  Becaufe  (in  Art.  26.)  we  had  if 

we  fubftitute  this  Equivalent  for  d  in  the  above  Equa- ' 


tion,  we  have 


A  a  a  ^  b  b 


X’,  arid  therefore  haa 


A  <z  -}-  B  ^ 

^  b  b  —  Act  X  -\-^b  X.  Hence  —  A  a  x'  ~  ' 
'Bbb — ^bx',  and  ib  A  «:  B  ^  ^  —  x'.x'^^a-,  that' 

is,  AXC  c  -.^XC  d  w  X  d  \  X  c.  From  whence  it 
appears,  that  the  Momenta  of  the  Bodies  or  their  Power  *, 
to  move  the  Pendulum^  are  inverfely  proportional  to  their  ^ 
Dijiance  from  this  Centre  ;  which  is  the  true  Definition 
of  the  Centre  of  Ofcillation.  •  ■ 

34  Therefore  when  A  :  B  ^ :  i7,  andfoA«=B3;: 
then  alfo  b  —  x  ^  x  —  a.,  ox  x  d—  xc  •,  or  the  Centre 
of  Ofcillation  would  bifedl  the  Diftance  between  the 
Bodies  A  and  B. 

35.  If  a  —  o,  or  the  Body  A  be  removed  to  the 
Centre  C,  thenAfla^ac,  andAa  =  o;  whence  ,?f  = 


r=  that  is,  the  Inftrument  then  becomes  a'i 


Bb 

fimple  Pendulum  C  d.  , 

Plate  IX  Bodies  A  and  B  are  not  placed  both  on 


f  ig-  3* 


one  Rod,  but  on  two  Rods  Cr  and  C  c/,  making  an 
Angle  c  C  </,  being  united  in  the  Angle  C.  Then  thefe 
Rods  fufpended  on  the  Angle  C  will  be  the  fame  Com- 
pound  Pendtilum  as  before,  and  the  Centres  of  Gravity 
and  Ofcillation  n  and  x,  when  the  Bodies  are  at. reft, 
will  be  both  in  the  Perpendicular  C  x.,  as  in  the  otherj 
Cafe,  and  cxprefs’d  by  the  fame  Equations,  viz.  C  n  =:,j 
Aa+B^ 


d  — 


„  Aa  a  -f  Bbb  ...  .  * 

C  x  =  x'  =  — .  .  And  it 


A  +  B  ’  A^r  +  B^  '  -I  Tf 

will  ofcillate  in  the  fame  Time  with  the  fimple  Pendur" 
lum  P  Q_,  when  C  a*  =:  P 

37.  If  the  Body  A  be  fuppofed  removed  on  the  other' 
Side  the  Line  E  D,  its  Diftance  C  r  =  a,  is  now  ne-!| 
gative,  or  it  will  be  —  a  in  the  Equations  for  the; 

—  A  T  B ,  Aaa-\-Bhb' 
Centres  •,  thus  d  =  - — ^ — i  x 


A  +  B 


’^Aa  +  Bb 
becaufe 
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becaufe  —  a  X  —  az=a  a.  Hence  in  this  Cafe  ’tls 
Very  obvious  that  the  Compound  Pendulum  is  now  be- 
icome  a  Level-.,  whofe  Fulcrum  is  the  Point  C ;  and  A 
piay  be  confider’d  as  a  Weight  to  be  moved  by  the 
Power  B.  And  hence  becaufe  when  B  ^  is  greater  than 
A  a,  d  will  remain  affirmative,  therefore  n  the  Centre 
of  Gravity  will  be  in  the  Part  Q,d,  and  fo  will  caule 
fe  to  preponderate.  ‘ 

38.  On  the  contrary,  if  A  «  be  greater  than  B  b,  then 
will  d  be  negative,  or  the  Centre  of  Gravity  n  will  be 
.n  the  Arm  C  r,  and  caufe  the  Weight  A  to  defcend. 
Blit  when  A  a  =  B  then  —  Fa-\-'&b  —  o,  and  d  =: 


0 

A+B 


m  0,  that  is,  n  or  the  Centre  of  Gravity  will 


j'all  upon  the  Point  C,  and  produce  an  Equilibrium 
ind  A.  :  ^  b  a  C  d  :  C  r.  As  was  before  Ihewn  to 
De  the  Property  of  the  Lever.  (See  Annot.  XXXVIll.) 

39.  Thus  alfo,  with  refpedl:  to  the  Centre  of  Ofcil- 


ation, 


A  a  a  d-P,  h  b 
—  A  a  B  b 


’tis  plain,  in  cafe  of  an 


Equilibrium  where  Aa~Pb,  wehave;v  = 


Aaa  ■\~'B  bh 


r 

E 

\ 


0 

c:  Infinite ;  for  fince  the  Lever  in  this  Cafe  has  ho 

Vlotion,  it  can  only  be  ifochronous  to  a  fimple  Pendu- 

ium  of  an  infinite  Length,  whofe  Times  of  Vibration 

Ire  infinitely  great,  and  its  Motions,  of  courfe,  notpjateJX. 

enfible. 

40.  Jt  is  farther  evident,  that  tHe  Centres  of  Ofcil- 

ation  and  Gr^vity  are  both  on  the  fame  Side  of  the  Rg.  4, 
-entre  of  Motion  C ;  and  that  when  B  ^  is  greater 
ihan  A  a,  the  Centre  of  Ofcillation  will  be  fomewhere 
i>n  the  Side  of  B  in  the  Line  C  d  continued  out  ;  if  B  ^ 
rxceeds  A  n  but  a  little,  it  will  be  at  a  great  Diftance, 

’.s  at  ;  if  the  Excels  be  greater,  it  will  be  nearer,  as 
It  p.  If  it  be  very  great,  the  Centres  will  be  very 
rear,  as  at  0  j  and  when  B  is  infinite  with  refpeft  to 
\  a,  then  the  faid  Centre  will  be  In  the  Centre  of  the 
3ody  B. 

41.  Let  the  Lever  rC^/ he  in  Equilibria  with  the 
Veights  A  and  B  ;  and  let  it  be  required  to  raife  the  Fig,  5. 
Veight  A  from  c  to  m,  by  the  Power  B  then  if  B  3 

VoL.  I.  N  be 
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be  ever  fo  little  greater  than  A  a  it  will  defcend,  till  the 
Lever  comes  to  the  Situation  m  ?z,  as  required.  The  'j  t 
whole  Aftion  of  the  Machine  confifts  in  railing  the  J 
given  Weight  A  to  a  given  Height  H,  in  a  given  Time;  f 
and  this  EffeiSf  of  the  Machine  will  (cateris  paribus) 
be  greater  as  the  Time  is  lefs.  But  the  Time  is  the 
Time  of  half  the  Vibration  of  the  Lever  ;  and  the 
Times  of  V’^ibrations  are  lefs  as  the  Intenfity  of  the 
Power  B  is  increafed,  while  its  Diftance  continues  the 
fame,  becaufe  the  Diftance  of  the  Centre  of  Ofcillation 

is  diminifhcd.  -r  j  rr 

42.  Now  putting  A  Body  to  be  raifed,  H  — 

AH 


Heit^ht,  and  T==  Time,  them =  E  =  the  Efted, 


or  Intenfity  of  the  Power^B  ;  whence  A  H  =  E  T 
whole  Adion  of  the  Machine  ;  and  therefore  when 
E  '1'  is  leaft  of  all,  the  Machine  will  be  in  its  greateft 
Perfedion  ;  becaufe  as  E  increafes,  T  will  decreafe, 
and  though  it  be  not  in  the  fame  Proportion,  yet  it  will 
caufe  that  ET  will  become  a  Minimum  at  a  certain  G 
Limit ;  as  will  be  evident  by  the  following  Example.  ! 

43.  Suppofe  A  =  ioo//>.  and  B  —  io/3;  and  if  ll-^ 
Cr  :  C  ri  : :  10  :  ICO  ;  then  there  will  be  an  Equili- 
brhim,  in  which  Cafe  T  will  be  infinite,  and  therefore  lj| 
alfo  T  E,  and  confequently  cannot  be  exprefs’d ,  in 
Numbers. 

.  h.ad.^'Qbb  ICO +1100 

44.  irB=:ii/L  then  “ 


-Aa+B^  — 100 -|- no 


1200 


—  120  =X-, 


the  Diftance  of  the  Centre  of  Of- 
I  o 

cillation,  the  Square  Rom  of  which  10,95  vvill  be  pro-' 


portional  to  the  Time  (T)  of  Vibration,  [ke  Jnnotat. 
XXIX.)  This  multiplied  by  E  =  i  r,  the  Intenfity  of 
the  Power,  gives  120,45  for  the  Expreffion  of  the 
Adion  of  the  Lever  in  this  particular  Cafe. 

45.  If  B  zn  15//'.  then,  as  before,  we  Ihall  find 
X  ~  32,  whofe  Square  Root  5j66  X  i  5  (—  T  X  E  — ) 
z=  84,9  the  Lever,  v/hich  is  now  le(s  than  before. 
Again,  fuppofe  B  or  E  =  20  lb.  then  we  lhali  have 


X  —  21,  and  its  Square  Root  4,6  ;  then  4,6  X 


20 


T  X  E  =  92,  which  is  aga 


!ia 


greater  than  the  laft ; 


1| 


the 
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^Lantify  of  Surface^  but  to  the  Weight  of 
the  incumbent  Part ;  as  we  fliall  alfo  fliew 
by  Experiment  (XXXIX.) 


if‘  1 .  1 


the  limit  then  is  betw'een  1 1  lb.  and  2o  Ib.  and  is  very 
near  i^lb.  as  will  appear  by  the  following  Table; 
where  the  Numbers  in  the  fecond  Column  exprefs  the 
whole  Adfion  of  the  Lever  in  Parts,  of  which  the  leaft 
contains  looooo,  all  which  correfponds  to  the  Intenfities 
of  the  Power  increafed  from  lo  to  20  lb. 


Powers. 

Adiions. 

Powers. 

Adlions. 

10  — 

—  Infinite. 

15,16  — 

100000 

1 1  — 

— .  142360 

16  - 

100368 

12  . — 

—  114036 

17  - 

1016  ti 

13 

—  104677 

18 

103397 

14.  — 

—  >01053 

19  - 

10557s 

IS 

—  100016 

20  - 

108330 

46.  This  Confideration  of  the  Power  is  but  of  little 
Ufe  in  the  Lever  ;  but  as  that  is  the  moft  fimple  Ma¬ 
chine,  it  was  bell;  adapted  to  explain  and  exemplify  this 
DotSlrine.  In  the  Axis  in  Peritrochio^  and  Pulley,  it  is 
of  greater  Ufe,  and  Ihould  not  be  negledled  ;  but  as  it 
is  there  a  Bufinefs  of  great  Difficulty  and  Labour,  I 
Ihall  refer  the  Reader  to  S‘Gravefande'%  third  Edition  of 
his  Principia.,  where  he  may  fee  the  Computations  at 
large  ;  the  Refultof  which  in  general  is.  That  the  Power 
which  fujlains  the  Weight  in  Equilibrio  Jhould  be  increafed 
by  one  half  in  the  Pulley  and  Axis  in  Peritrochio,  that 
the  Adtion  of  thfe  Machines  may  a  Minimum. 

(XXXIX  )  The  Doctrine  of  Friction  is  contain’d 
under  the  following  Particulars,  viz. 

I,  When  one  Body  infills  on  another  upon  an  hori¬ 
zontal  Plane,  it  prefles  it  with  all  its  Weight,  which 
being  equally  re-adled  on  (and  therefore  the  whole  Effedl 
of  its  Gravity  dellroy’d)  by  the  Plane,  it  will  be  abfo- 
lutely  free  to  move  in  any  lateral  or  horizontal  Direc¬ 
tion  by  any  the  leafl  Power  applied  thereto,  provided 
both  the  touching  Surfaces  be  perfeflly  fmooth  or  even. 

N  2  As 


2.  But  fince  we  find  no  fuch  thing  as  perfefl  Politure 
or  Evennefs  in  the  Surfaces  of  Bodies  (at  leaft  fuch  as  are 
produced  by  Art)  but  an  evident  Roughnefs  or  Uneven- 
nefs  of  the  Parts  in  the  Surface,  arifing  from  the  Poro- 
fity  and  peculiar  Texture  of  the  Body,  it  is  eafy  to  un- 
derftand  that  when  two  fuch  Surfaces  come  together  the 
prominent  Parts  of  the  one  will  in  fome  Meafure  fall 
into  the  concave  Parts  of  the  other,  and  therefore,  when 
an  horizontal  Motion  is  attempted  in  one,  the  fix’d 
prominent  Parts  of  the  other  will  give  more  or  lefs  Re- 
iiftance  to  the  moving  Surface  by  holding  and  detaining 
its  Parts,  which  is  what  we  call  Fridlion. 

3.  Now  fince  any  Body  will  require  a  Force  pro¬ 
portional  to  its  Weight  to  draw  it  over  a  given  Obfiacle, 
it  follows  that  the  Friftion  arifing  to  the  moving  Body 
will  always, be  in  proportion  to  its  Weight  only,  and 
not  the  C^antity  of  the  Surface,  by  which  it  bears  up¬ 
on  the  refitting  Plane  or  Surface.  Thus  if  a  Piece  of 
Wood  four  Inches  wide,  and  one  Inch  thick,  be  ground, 
and  thereby  made  exadfly  fit  to  the  Surface  of  another 
fix’d  Piece  of  the  fame  Wood,  it  will  require  the  fame 
Weight  to  draw  it  along  on  the  fame,  whether  it  belaid 
on  its  broad  or  narrow  Side. 

4.  Foi  though  on  the  broad  Side  there  be  four  times 
the  Number  of  touching  Particles  (catcris  paribus)  yet 
each  Particle  is  prefs’d  with  but of  the  Weight  that 
thofe  are  on  the  narrow  Side ;  and  fince  four  times  the 
Number  multiplied  by  '  of  the  Weight  is  equal  to  ^  of 
the  Number  multiplied  by  four  times  the  Weight,  ’tis 
plain  the  Effertt,  that  is,  the  Refiftance,  is  equal  in 
both  Cafes,  and  fo  requires  the  fame  Force  to  over¬ 
come  it. 

5.  The  Reafon  why  the  FrITion  is  proportional  to 
the  Weight  of  the  moving  Body,  is,  becaufe  the  Power 
applied  to  move  the  Body  mutt  raife  it  in  fome  Meafure 
upon  and  over  the  prominent  Parts  of  the  Surface  on 
which  it  is  drawn  j  and  this  Motion  of  the  Body,  as  it 

ill 


■tsy 


<>  / 
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I 

I  in  their  Struclure  j  concerning  all  which 
we  may  pbferve  in  general  that  they  con- 

j  is  not  upright,  fo  it  will  not  require  a  Power  equal  to 
'  its  whole  Weight ;  but  being  in  the  Nature  of  the  Mo- 
I  tion  on  an  Inclined  Plane^  (fince  the  Body  bears  on  the 
f  prominent  Parts  all  the  while)  the  Power  which  moves 
it  will  be  proportional  to  but  a  Pari  of  its  IVeighi  only  ; 
and  this  will  vary  with  the  various  Degrees  of  Smooth- 
nefs  or  Afperity  between  the  rubbing  burfaces,  and  the 
other  concurring  Circumftances. 

6.  I  find  by  Experiment,  that  a  Body  A  BCD  (of  Plate  X. 
Wood,  Brafs,  fs’r.j  laid  on  the  Surface  E  FG  H,  willFig.  I. 
be  drawn  along  by  a  Weight  P,  nearly  equal  to  one 
third  of  its  own  Weight;  if  the  Surfaces  be  hard  and 
W’ell  polifh’d,  it  will  be  lefs  then  a  third  Part ;  but  if 
the  Parts  be  foft  or  rugged,  it  will  be  much  greater. 

Thus  alfo  the  Cylinder  of  Wood  A  B,  if  very  fmooth,  Plate  X, 
and  laid  on  two  well-polilhed  Supporters  C,  D,  (having  Fig.  2. 
been  firft  oil’d  or  greased)  and  then  charged  with  the 
Weight  of  two  Pounds  in  the  two  equal  Balls  G,  H,  it 
will  require  an  additional  Weight  a'  (equal  to  about  a 
'  third  Part  of  the  two  Pounds)  to  give  Motion  to,  or 
'■  overcome  the  Fridlion  of  the  faid  Cylinder. 

I  7.  Now  this  additional  Weight,  as  it  caufes  a  greater 
I  Preflure  of  the  Cylinder,  will  likewife  encreafe  the 
I'  Friction,  and  therefore  require  the  Addition  of  another 
I  Weighty,  equal  to  the  third  Part  of  its  own;  for  the 
I  fame  Reafon  the  Weight  y  will  require  another  z,  a 
I  third  Part  lefs ;  and  fo  on  ad  infinitum.  Hence  upon 
j  Suppofition  that  the  Fridtion  is  precifely  equal  to  a  third 
J  of  the  If  eighty  the  firft  Weight  with  all  the  additional 
I  ones,  vivc.  2,  -J,  fj,  hs’c.  will  be  a  Series  of  Num- 
I  bers  in  Geometrical  Progreffion  decreafing.  Now  the 
I  Sum  of  all  thofe  Terms,  except  the  firft  (i'.e.  the  Sum 
1  of  all  the  infinite  Number  of  additional  Weights  x -f-y 
-f- £?V.)  is  found  (by  a  well  known  Theorem  in 
Arithmetic)  to  be  equal  to  one  Pound.  So  that  if  the 
Weight  of  the  Cylinder  be  inconfiderable,  the  Way  to 
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lift  of  one,  two,  or  more  of  the  Simple 
Powers  combined  together  ^  that  in  moft 

overcome  the  Fri£lion  would  be  to  double  ths  Power  G, 
or  H  at  once. 

8.  But  though  we  may  at  a  Medium  allow  about  a 

third  Part  of  the  Weight  with  which  any  Ample  Ma¬ 
chine  is  charged  for  the  Fri£l;ion  arifing  from  thence, 
yet  this  is  very  precarious  and  feldom  the  Cafe  •,  for  if 
A  B  C  D  be  a  Piece  of  Brafs  of  fix  Ounces,  and  E  F  G  H 
be  alfo  a  Plate  of  Brafs,  and  both  the  Surfaces  well 
ground  and  polifh’d,  the  Weight  P  of  near  two  Ounces 
will  be  required  to  draw  along  the  Body  A  C  alone  ; 
but  if  A  C  be  loaded  with  6,  8,  or  lo  lb.  then  a  fixth 
Part  of  the  Weight  will  be  fufEcient  to  draw  it  along 
the  Plane.  If  the  Plane  be  cover’d  with  a  linen  or 
woollen  Cloth,  then  a  third,  or  half  Part,  and  fomer 
times  more,  will  be  requifite  to  draw  it  along  on  the 
plane.  ^ 

9.  Yet  notwithftanding  the  Difficulty  and  Uncer¬ 
tainty  attending  the  Eftimation  of  the  Quantity  of 
Friction,  ’tis  ftill  a  moft  ufeful  and  necelTary  Enquiry 
how,  and  by  what  Means  the  Fridion  of  any  Machine 
may  be  abated  or  diminifhed.  In  order  to  this  we  muft 
conlider  it  mechanically,  that  is,  we  muft  confiderFridi- 
on  as  a  Force  ading  againft  a  Power  applied  to  overcome 
it.  Thus  fuppofe  A  B  an  upright  Stem  or  Shaft  turn¬ 
ing  freely  in  the  Socket  B  fix’d  in  the  Table  or  Plane 
I  K  L  M  ;  and  A  C,  D  E  two  Arms  fix’d  in  the  faid 
Shaft,  the  latter  of  which  D  E  has  three  Pins  going 
into  a  Socket  in  the  Middle  of  a  heavy  Weight  at  F, 
G,  or  H,  in  fuch  a  Manner,  that  when  a  Power  ap¬ 
plied  at  C  moves  the  Lever  A  C,  it  caufes  the  Lever 
DE  to  protrude  or  thruft  along  the  Weight  at  F,  G, 
pr  H,  in  a  circular  Manner  upon  the  Table. 

10.  Now  fince  we  fuppofe  the  Weight  all  the  while 
It  is  in  Motion  is  freely  and  wholly  fupported  by  the 
Plane,  it  follows  that  all  the  Refiftance  it  can  give  to 
the  Power  applied  at  C,  is  only  what  arifes  from  its 
Fridion  on  the  Plane.  What  this  Fridion  is,  will  be 
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of  them  the  Axis  in  Peritrochio^  the  Le-ver^ 
and  the  Screw ^  are  the  conflituent  Parts ; 

found  by  applying  the  Weight  at  G,  fo  that^B  G  be 
eoual  to  A  C  ;  for  then  the  Power  applied  tO'C,  a£ling 
in  a  Tangent  to  the  Circle  C  R  S,  that  fhall  juft  move 
the  Weight  G,  will  be  equal  to  its  Friftion  [hy  Annot. 
XXXVIII.  10.)  But  if  the  Weight  be  applied- at  F, 
becaufe  B  F  is  greater  than  A  C,  the  fame  Power  at  C, 
as  before,  will  not  move  it,  becaufe  here  its  Force  is 
increafed  by  having  a  greater  Velocity  than  the  Power; 
as  on  the  other  Hand,  if  placed  at  H,  a  lefs  Power  at 
C  fhall  move  it,  becaufe  of  its  having  there  lefs  Velo¬ 
city  than  the  Power.  All  which  is  plain  from  the 
Properties  of  the  Lever,  demonftrated  in  Annotate 
XXXVIII. 

11.  Hence  we  underftrnd,  that  though  the  Weignt 
of  a  Machine  remains  the  fame,  yet  the  F ridlion  rnay 
be  diminifhed  by  contriving  that  the  Parts  on  which 
it  moves  and  rubs  fliall  have  lefs  Velocity  than  the 
Power  which  moves  it.  Thus  if  the  Cylinder  A  t> 
were  to  move  on  the  two  fmall  Pins  or  Gudgeons  E,  F, 
the  Fri6Iion  would  be  abated  in  the  fame  Proportion  as 
the  Diameter  of  thofe  Gudgeons  is  lefs  than  the  Dia¬ 
meter  of  the  Cylinder. 

12.  The  Fri£lion  on  thefe  Gudgeons  is  ftill  farther 
diminifh’d  by  caufing  them  to  move  on  the  Circumfe¬ 
rence  of  a  Wheel ;  thus  let  F  be  the  Gudgeon  of  the 
Cylinder  revolving  on  the  Wheel  CDE;  the  Velocity 

of  the  Wheel’s  Circumference  will  be  the  fame  with  pj^te  X. 
that  of  the  Gudgeon  ;  but  the  Velocity  of  the  Whed’s 
Axis  A  B  (which  is  now  to  be  confider’d  as  the  rubbing 
Part)  is  lefs  than  that  of  the  Wheel  in  Proportion  as 
its  Diameter  is  lefs  than  that  of  the  Wheel.  For  Ex¬ 
ample,  if  the  Friftion  of  the  Cylinder  moving  on  its 
Surface  be  f  Part  of  the  Weight,  and  the  Gudgeons  be 
to  the  Cylinder  as  i  to  lO,  they  will  reduce  the  Fric¬ 
tion  to  4  Part ;  and  if  again  the  Axis  of  the  Wheel  be 
to  the  Wheel  as  i  to  i  o,  the  V/heel  will  reduce  it  to 
Part ;  and  if  the  Axis  of  this  Wheel  be  laid  on  the 

N  4  that 
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that  in  all,  a  certain  Power  is  applied  to  j 
produce  an  Effeft  of  much  greater  Mo^ 
ment ;  and  that,  in  the  laft  Place,  it  is  r 
known,  that  the  greateft  Efredf  or  Perfec-  i 
tion  of  the  Machine  is  then,  when  it  is  ’ 
fet  to  work  ^Nilh-Jour  Ninths  of  that  Charge  j 

Perimeter  of  another  Wheel,  the  Fri(3ion  will  be  re-  ■ 
duced  to  a  ftill  lelTer  Part  of  the  Weight,  and  fo  you  • 
may  proceed  to  diminifli  the  Fridion  ad  infinitum,  il 
Hence  Wheels  applied  in  this  Manner  are  call’d  Fric-  J 
TION- Wheels.  '  | 

13.  Befides  what  we  have  now  premifed,  fomewhat  -I 
farther  is  neceffary  to  be  underftood  to  diminifh  Friftion 
by  Jfiheel-Carriages.  It  was  before  obferv’d  that  Fric-  I: 
tion  arofe  chiefly  by  lifting  the  Body  over  the  prominent  I 
Parts  of  the  Plane  on  which  it  moved  5  now  if  we  can 
contrive  to  move  the  Body  along  without  lifting  or  i 
fuflaining  its  Weight,  we  fiiall  move  it  without  much  s 
Friclion,  and  this  may  be  done  by  laying  the  Body  on  • « 
any  moveable  circular  Subjedf,  as  Rollers,  Wheels,  &c.  I 
Thus  let  A  B  be  the  Section  of  an  heavy  Body  laid  on 
a  Roller  E  F,  upon  the  Plane  C  D,  and  drawn  by  the  jj 
Power  P ;  ’tis  evident  when  A  B  moves,  the'Afperity  j; 
of  its  Surface  will  lay  hold  on  that  of  the  Roller,  and 
move  it  likevvife  ;  and  ’tis  as  plain,  that  when  the  Body 
A  B  is  drawn  againfl-  the  prominent  Parts  of  the  Roller, 
they  immediately  9,ivc  way,  and  make  no  Refiftance;  j 
thus  the  perpendicular  Diameter  a  b  yields  into  the  Situ-? 
ation  e  f,  and  c  d  fuccecds  in  its  Place.  By  this  circular 
Motion  of  the  Roller,  its  prominent  Parts  below  do  ‘ 
only  defeend  and  move  upon,  or  over,  and  are  not 
drawn  againfl  the  fix’d  prominent  Farts  of  the  Plane, 
and  fo  receive  no  Refinance  from  them  ;  hence  the 
Body  A  B  is  convey’d  along  without  being  lifted  up,  in 
the  Adanner  as  a  Wheel  is  moved  by  a  Pinion,  with¬ 
out  any  confiderable  Refifiance.  And  this  is  the  true 
Foundation  of  the  Theory  efi  IVbtels,  or  Dodlrine  of 
Wh.  el-Carriages. 

which 
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v/hlch  is  equivalent  to  the  Power,  or  will 
but  juft  keep  the  Machine  in  Equilibrio 
(XL.) 

(XL.)  I,  To  demonflrate  this  Propofition,  I  fhall  p,  „ 
chul'e  a  Water- wheel  A  D  E  F,  driven  round  by  a  Cur- 
rent  of  Water  G  A,  ftriking  the  lower  Float-Boards 
;n  a  perpendicular  Dirediion,  in  the  Manner  of  an  un- 
•derfliot  Mill.  Now  if  the  Wheel  be  not  loaded  or 
charged  with  any  Weight,  but  moves  freely  on  the 
Gudgeons  of  its  Axis  C,  then  the  Water,  coming  on 
the  h'loats,  will  put  the  Wheel  in  Motion,  and  adflng 
upon  it  continually  will  foon  accelerate  its  Motion  fo 
far,  as  to  give  it  a  Velocity  equal  to  its  own, 

2.  But  if  the  Axle  of  the  Wheel  C  be  charged  with 
a  Weight  P,  which  it  is  obliged  to  raife,  this  will  give 
Refiftance  to  the  Wheel,  and  diminifli  its  Velocity,  or 
caufe  it  to  move  flower  than  the  Water  j  as  the  W'eight 
P  is  increas’d,  the  Motion  of  the  Wheel  will  be  pro- 
jportionably  retarded  ;  till  the  Weight  P,  coming  to 
ihave  an  equal  Momentum  with  the  Water,  the  Wheel 
will  lofe  all  its  Motion,  or  be  reduc’d  to  a  State  of 

1.  Now  let  F  =  Force  of  the  Water,  V  =  its  Ve¬ 
locity,  V  —  Velocity  of  the  Wheel,  P  =  Weight  that 
holds  the  Wheel  in  Equilibrio^  %  —  Weight  railed  by 
the  Wheel  in  Motion.  Then  the  Difference  of  thofe 
Velocities,  viz.  V  —  w  will  be  that  with  which  the 
IWater  ftrikes  the  Wheel ;  and  fince  the  Force  of  Strik- 
.ng  Fluids  is  always  as  the  Square  of  the  Velocity,  (as 
^i:I  hereafter  be  fnewn)  and  Caufes  are  proportional  tg 
iheir  Effedls,  we  {hall  have  V  —  always  proportional 
fozj  and  when  v=o,  we  {hall  have  z=P;  and 
hen  will  be  as  P,  fo  that  it  will  always  be  V^  :  P 


:  V 


V 


z  ; 


and  fo 


% 


v/p 


V  —  V  and  v  = 


L/P-V,/: 


v/P 


The 
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The  Com7m2  JACK  is  a  compound En-  \ 
gine,  where  the  Weight  is  the  Power  ap-  jj 

s! 

4,  But  from  the  Principles  of  Mechanics,  we  have 
the  Radius  of  the  Wheel  AC  (=  R)  to  the  Radius  of  j 
the  Axle  CB  (=  rj  as  the  Velocity  of  the  Wheel  v 
to  the  Velocity  of  the  Wejght  zj  that  is,  R  :  r  ; :  j 

Vy/P-VvCi:  =  Velocity  of  ..i 

v/P  R  v/P  , 

Which  Velocity  of  the  Weight  being  multiplied  by  the 

..\T  ^  -Zy/Z 


rV  z^F' 

Weight  z,  gives  an  Expreffion  —  X - — 

for  the  Effea  of  the  Engine. 


r  luc  c/i  tiiv. 

5.  This  Expreffion  is  to  be  determined  to  a  Maxi- 


z  \/P  —  z  ^ 


mu7n  by  making  the  Fluxion  of  - - \/T 


2,; 


r  V 

equal  to  Noth'ing,  (the  Part  -g-  being  conftant,  we  net 


gle£f.)  Let 


z 


x/P 


=;•,  thenzv/P  —  \i 

t/  P 


^  z  —  z  X  P^  —  z'-  =  yXP-  =  y,  (becaufe  P*^  ij 
conftant)  therefore  iP^  —  \%i  hence  z  P 

—  i  z'^  z,  theref-re  =:  ?  z^  ;  whence  P  r=  ®  z,  am 
z  ^  P  ;  that  is,  the  Weight  z,  when  the  Machine  i, 
in  its  greateft  Perfedlion,  is  equal  to  p  of  the  Weight  F 

that  will  keep  it  in  Equilibrio  ^  E.  D.  _  ; 

V^P— Vv/| 

6.  Hence,  if  in  the  Expreffion  v  —  x/”?  ■’ 

we  fubftitute  the  Value  of  z,  viz.  -7  P,  we  fhall  ha\; 


=  „C  .  ^T=V^P 

^/P 


/  4  p  —  V  X  -  v/  P?  therefore  v  \  Y .  That  \ 
Ke  Velocity  of  the  Wheel  (v)  is  equal  to  the  Ihi 
Part  of  the  Velocity  of  the  Water,  when  the  Machi 
is  in  the  greateft  Perfetfticn. 


Meghan 

iplied  ;  the  Fridlion  of  the  Parts,  and  the 
iWeight  with  which  the  Spit  is  charged,  is 
the  Force  to  be  overcome  ;  and  a  fteady, 
^niform  Motion,  by  means  of  the  Fly,  is 


7.  When  the  Wheel  Is  kept  In  Equilibria  by  the 
Weight  P,  we  have  F  :  P  ::  C  B  (=  rj  :  C  A  (=  R) 

FR 

jy  the  Princples  of  Mechanics  ;  whence  we  have  — • 

r 

FR 

■p  P  ;  whence  z  =  (±  P  =)  |  —  j  which  Values  of  z 


■V 


tnd  P,  fubftitutcd  in  the  Expreffion  ~  X 

I  ^  v/p 

will  give  57  V  F  for  the. Exponent  of  the  greateft  EfFedl 
)f  the  Engine. 

8.  To  ill4iftrate  this  by  Exampu'e ;  fuppcfe  GA  a 
Body  of  Water  ifluing  from  an  Aperture  in  the  Pen- 
itock  one  Foot  Square,  and  four  Feet  below  the  Surface 
if  the  Water  Head;  in  this  Cafe  the  Force  of  the 
Water  F  =  250  lb.  and  the  Velocity  V  =  16  Feet  per 
jiecond  (as  will  appear  hereafter) ;  whence  77  V  F  — 

L  X  250  X  16  ,  ,  ,  .  .  ,  „ 

592,6,  and  this  is  the  greateft  Effecft 
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if  the  Engine ;  now  if  R  ;  r  : :  8  :  i ;  then  P  =2 
: —  =  2000  ;  and  z  =2  ^  P  888, g  lb.  And  its  Ve- 

r  y  ^ 

tocity  will  be  I  of  4  of  r6,  or  |  of  a  Y oat  per  Second, 
fo  prove  the  Truth  of  all  that  has  been  faid,  one  need 
■  inly  take  z  either  greater  or  lefler  than  888,9 /A  ^nd 

r  Vz 


jhen  the  Exprcffipn  for  tjie  EfFeft  of  the  Engine 


R 


{ 


—  y/z 
v/“P 


,  will  give  a  Number  in  each  Cafe  lefs 


lhan  592,6  3  which  therefore  15  the  Maximum,  as  above 
ipund. 

the 


ill 

l»Si6 


h  .  '  .  , 

: :  "  tij 

'i’ll 

ft  '.'S  * 

■  V'  ^ 
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the  End  or  Intention  of  the  Machine' 
(XLL) 

1 

(XLL)  I.  The  Fly  is  the  only  Part  I  fiiall  herei 
take  Notice  of  in  the  Chimney-Jack,  and  fliall  explainj 
its  Nature  and  Ufe  both  there  and  in  other  Mechanicat 
Machines.  For  it  may  be  applied  to  any  Sort  of  EnJ 
gines  to  very  good  Purpofes,  which  have  a  quick  and? 
circular  Motion,  and  where  the  Power  or  Refiftancdl 
adfs  unequally  in  the  difFerent  Parts  of  a  Revolution, 

2.  The  Ufe  of  the  Fly  is  to  facilitate  the  Motion  ol) 
Engines,  by  accumulating  and  retaining  the  Poweii 
communicated  to  it,  and  exerting  it  gradually  ant? 
equally  in  each  Revolution  of  the  Machine;  whence  i^i 
comes  to  pafs  that  the  Motion  of  the  Machine  is  renl 
der’d  very  nearly  uniform  and  of  an  equal  Tenour  h? 
all  Parts  of  the  Revolution,  and  therefore  more  eafy 
pleafant,  and  convenient  to  be  adted  by  the  impellini' 
Power.  For  neither  the  Strength  of  Men,  nor  oth^i* 
Powers  or  Refiftances  aftedting  the  Engine,  can  or  dtf 
adt  equally  and  uniformly  in  every  Part  of  a  Revolution? 
Thus  Meat  on  a  Spit  gives  always  more  Refiftance  oK 
one  Part  than  another,  by  which  means  the  Motioi? 
would  be  fo  irregular  and  jolting,  that  it  would  foot 
become  (haken  and  loofed  from  the  Spit,  and  fo  not  bt 
carried  round,  were  not  this  Irregularity  prevented  by 
the  Fly.  ; 

3.  The  Fly  does  not  add  any  new  Power  to  an  En 
gine,  as  fome  have  imagin’d  ;  as  is  evident  for  thd 
following  Reafons.  (i.)  The  Fly  has  no  Motion  bu? 
what  it  receives  at  firftfrcsm  the  Machine.  (2.)  A  Do? 
gree  of  Force  is  always  neceffary  to  maintain  the  Mo? 
tion  of  the  Fly,  which  muft  be  I'upplied  from  the  Ma; 
chine.  (3.)  The  Fridlion  of  the  Pivot,  Screw, 
of  the  Fly  is  a  Refiftance  to  the  imprefs’d  Force,  an 
muft  abate  it.  (4.)  The  Air  likewife  makes  Refiftanc- 
to  the  Weights  at  the  End  of  the  Fly.  Upon  all  whic; 
Atcounts  ’tis  eafy  to  underftand,  that  the  Fly,  inftea 
of  adding,  does  very  much  decreafe  or  lelTen  the  Powt 
iniprefs’d  on  the  Machine.  ^ 

^  II 

r 
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:  In  CLOCKS,  WATCHES,  the 

Power  is  the  Weight  or  Spring  ;  the  Force 

I  4.  The  beft  Form  for  a  Fly  is  that  of  a  heavy  Wheel 
^or  Circle,  of  a  fit  Size ;  for  this  will  meet  with  lefs 
IRefiftance  from  the  Air  ;  and  being  continuous,  and 
jthe  Weight  every,  where  equally  difiributed  through  the 
JPerimeter  of  the  Wheel,  the  Motion  will  be  moreeafy, 
Equable,  and  regular.  In  this  Form  the  Fly  is  molt 
aptly  applied  to  the  perpendicular  Drill,  where  it  not 
pnly  gives  Weight  and  Regularity  of  Motion,  butcon- 
jtributes  to  keep  the  Drill  upright  by  its  Centrifuofal 
Power. 

5.  In  this  Form  it  is  alfo  beft  applied  to  a  IVindlafs  or 
pommon  IVinch^  where  the  Motion  is  pretty  quick;  for 
When  a  Man  turns  the  bended  Handle  of  the  Winch, 
his  Strength  is  not,  nor  can  be  equally  exerted  in  every 
part  of  the  Revolution ;  for  in  pulling  upwards  from 
he  lower  Quarter,  he  can  exercife  more  Power  than  in 
|hrufting  forward  in  the  upper  Quarter,  where,  of 
iourfe,  part  of  his  former  Force  would  be  loft,  were 
t  not  accumulated  and  conferved  in  the  equable  Mo- 
lion  of  the  Fly.  By  this  means  a  Man  may  work  all 
Day  in  drawing  up  a  Weight  of  \olb,  whereas  ;o  lb, 
jvould  create  him  more  labour  in  a  Day  without  the  Fly. 

^  6.  The  Fly  is  fometimes  made  ufe  of  to  increafe  the 
‘orce  of  JMechanical  Engines,  as  of  the  Lever  and 
icrew,  in  that  for  Stamping  of  Money  in  the  Mint. 
Here  the  Power  exerted  by  the  Man  is  accumulated  by 
pe  large  Weights  at  each  End  of  the  Lever;  the  Le- 
,|er  increafes  and  communicates  it  to  the  Cylinder,  up- 
'n  which  it  is  fix’d  ;  the  Screw  does  again  increafe  or 
'jondenfe  it  upon  the  Medal,  by  means  of  which  the 
’ttipreftion  of  the  Image  is  made. 

,7.  The  great  Power  of  this  (or  any  other  Machine  of 
ps  Kind)  may  be  thus  computed.  Suppofe  the  Arms  of 
lie  fly  15  Inches  each,  or  the  Length  of  the  Lever  30 
jiches,  and  each  Weight  to  be  and  the  Diameter 
f  the  Cylinder  at  the  Screw  be  one  Inch.  If  each 
itroke  be  made  in  a  Half-Circle,  which  will  be  four 
jeet,  and  in  half  a  Second  of  Time,  the  Velocity  (be- 

to 
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to  be  overcome  is  the  Friftion  of  the  nu¬ 
merous  Parts,  which  are  chiefly  a  Combi^, 
nation  of  Wheels  and  Axes,  whofe  Ufe  is 
to  divide  a  large  Portion  of  Time,  as  a 
Day  or  Hour,  into  very  minute  equal 
Parts,  as  Miriutes,  ^econdi,  &c.  and  to  point 
out  thofe  Divifions  by  an  equable  Motion  of 
a  proper  Hand  or  Index  round  a  gradu¬ 
ated  Circle  (XLIL) 

ing  equably  accelerated  by  the  continued  Acllon  of  the 
Man)  will  at  the  Inftant  of  the  Stroke  be  at  the  Rate 
of  eight  Feet  per  Second  ;  therefore  8  X  i  ooIb.  =  Soo  lb. 
for  the  Momentum  of  the  Lever  or  Fly.  But  fince  the 
Diameter  of  the  Screw  is  but  3%  of  the  Length  of  the 
Lever,  we  fhall  have  30  N  800  \h.  —  24000  lb.  for  the 
Momentum  of  the  Engine,  which  is  equal  to  that  of 
ioolb.  falling  120  Feet;  which  prodigious  Force  is  M 
farther  increafed  for  coining  larger  Pieces  of  Money, 
by  increafing  the  Weights  and  Arms  of  the  bly. 

(XLIL)  I.  I  fhall  here  fliew  the  Principles  of  Watch 
and  Clock-Work,  and  how  to  calculate  the  Numbers 
for  the  Movements,  in  as  clear  and  compendious  a  Man¬ 
ner  as  I  poffibly  can.  In  all  Automata,  or  Machines  of 
Clock-Work,  there  is  a  natural  Agent  or  Principle  of 
Motion ;  which,  by  afting  on  one  Part,  gives  Motion 
to  that,  and  all  the  other  Parts  depending  upon  it,  and 
thus  becomes  the  Pritnum  Mob-le,  or  firft  Mover  to  the 

whole  Machine.  .  . 

2.  In  common  Clocks  and  IVatckes  this  is  of  twc 
Sorts,  wz.  A  Spring  or  a  Weight  ;  either  of  whicl 
may  be  made  to  aft  with  any  determinate  Force;  tilt 
Spring  by  its  Elajliclty,  and  the  Weight  by  its  Gravity 
In  thefe  Machines  this  Force  is  requir’d  to  be  fuch  a: 
will  overcome  the  Vis  Inertia  and  Fridion  of  all  th, 
Parts  in  Motion  ;  which  in  Watches  is  very  inconfide 
rable,  but  in  Clocks  is  much  greater,  and  that  in  1  ro 
portion  as  they  are  more  compounded. 


.A* 
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3.  The  Manner  in  which  a  Weight  aits  upon  the 
Cylinder,  about  which  the  Line  or  Cord  (to  which  it 
hangs)  is  wound,  is  ealy  to  be  underftood  by  all  ;  but 
the  Adion  of  the  Spring  coil’d  up  within  the  Cylindric 
Barrel  or  Box  of  a  Clock  or  Watch,  is  fomewhat  more 
nice  and  myfterious  ;  and  the  Manner  how  it  ails  upon 
the  Fufee  always  with  an  equal  Force  by  means  of  the 
Chain,  and  the  proper  Figure  of  the  Fufee  for  that 
Purpofe,  is  next  to  be  explain’d. 

4.  The  Chain  being  fix’d  at  one  End  to  the  Fufee, 
and  at  the  other  to  the  Barrel,  when  the  Machine  is 
winding  up  the  Fufee  is  turn’d  round,  and  of  courfe  the 
Barrel ;  on  the  Infide  of  the  Barrel  is  fix’d  one  End  of 
the  Spring,  the  other  End  being  fix’d  to  an  immove¬ 
able  Axis  in  the  Centre.  As  the  Barrel  moves  round, 
it  coils  the  Spring  feveral  Times  about  the  Axis,  there¬ 
by  increafing  its  elaftic  Force  to  a  proper  Degree  ;  all 
this  while  the  Chain  is  drawn  ofF  the  Barrel  upon  the 
Fufee  ;  and  then  when  the  Inftrument  is  wound  up,  the 
Spring  by  its  elafiic  Force,  endeavouring  conftantly  to 
unbend  itfelf,  a£ts  upon  the  Barrel,  by  carrying  it 
round  ;  by  which  means  the  Chain  is  drawn  off  from 
the  Fufee,  and  thus  turns  the  Fufee,  and  confequently 
the  whole  Machinery. 

5.  Now  as  the  Spring  unbends  by  degrees,  its  elaftic 
Force,  by  which  it  affbas  the  Fufee,  will  gradually  de- 
creafe  ;  and  therefore  unlefs  there  were  fome  Mechani- 

i  cal  Contrivance  in  the  Figure  of  the  Superficies  of  the 
I  Fufee  to  caufe  that  as  the  Spring  is  weaker,  the  Chain 
^fliall  be  removed  farther  from  the  Centre  of  the  Fufee, 
jfo  that  what  is  loft  in  the  Spring’s  Elafticity  is  gain’d  in 
i  the  Length  of  the  Lever  ;  I  fay,  unlefs  it  were  for  this 
Contrivance  the  Spring’s  Force  would  always  be  un- 
I equal  upon  the  fufee,  and  fo  would  produce  an  un- 
I  equable  IViotion  of  the  Parts  of  the  Machine. 

I  6.  The  Figure  of  the  Curve,  which  fliall  form  the 
Superficies  of  the  Fufee  by  a  Revolution  about  its  Axis,  Pl^te  X 
;rnay  be  inveftigated  as  follows.  Let  B  C  D  be  theFig-i- 
!  Curve,  A  L  the  Axis  of  the  Fufee  produced  j  let  D  be 
the  Point  where  the  End  of  the  Chain  is  fix’d  on  the 
iFufee  when  the  Watch  is  dow'n,  or  the  Spring  un- 
jcoil’d,  and  B  the  Point  where  it  touches  it  when  the 
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SprincT  or  Machine  is  wound  up.  From  the  Points  ]{ 
and  D  let  fall  the  Perpendiculars  to  the  Axis  B  A  and  j 
D  H  ;  in  which  produced,  let  there  be  taken  A  E  and  | 
H  I  proportional  to  the  Force  or  Strength  of  the  Spring,  ■ 
when  the  Chain  is  at  B  and  D.  Through  E,  I,  draw  | 
the  Right  Line  E  I  K  interfering  the  Axis  fomewhere  f 
in  K;°and  from  any  Point  C  in  the  Curve,  draw  CF  ); 
perpendicular  to  the  Axis  in  G ;  then  will  h  G  be  j 
as  the  Strength  of  the  Spring  when  thf  Chain  is  as  G.  j 

7.  Now,  fince  the  Force  adting  on  the  Fufee  ought 
always  to  be  uniformly  the  fame  j  and  this  Force  be-  t 
ing  always  as  the  Strength  of  the  Spring  exprefs  d  by  ^ 
FG,  and  the  Diftance  at  which  the  Chain  ads  from  | 
the  Axis  of  the  Fufee  conjointly:  Therefore  the  Force  j| 
at  any  Point  C  will  be  as  the  Redangle  F  G  X  G  C,  ! 
and  fince  this  is  a  given  Quantity  it  may  be  made  F  G  I 

a  b 

X  G  C  =  ah,  and  fo  we  have  F  G  — 

8.  Therefore  to  determine  the  Equation  of  the,  ■ 
Curve  BCD,  let  K  H  ^7,  H  I  rr  5,  H  G  ==  and 

'G  C  =  7.  Then  becaufe  of  the  Similar  Triangle  H  K  I'l 
and  G  K  F,  we  have  HK  :  HI::GK;FG 

— :  that  is,  a  \  h  v.  a-\- x  \  — whence  wehave 

y  y  1 

ayj^xy,  which  is  the  Equation  of  the  Curve,  and 
(hews  it  to  be  of  the  Hyperbolic  Kind. 

9.  The  Form  or  Figure  of  the  Fufee  being  thus  de¬ 
termined  by  the  given  Force  of  the  Spring  in  the  Points 
B  and  D,  and  the  Points  G  taken  at  Pleafure  fuccef- 
lively  from  H  towards  A  ;  we  next  confider  that  it  is 
aded  upon,  or  put  into  Motion,  by  an  uniform  Force  }')■ 
by  which  means  alfo  the  Gieat  JVheel,  which  is  fix  dj 
to  it,  is  pur  into  Motion,  and  that  drives  the  Pinion  of|j 
the  Centre  IVheel,  which  Centre  Wheel  drives  the  Pinion 
of  the  Third  Wheel,  and  this  drives  the  Pinion  of  the 
Contrate  Whul,  and  this  the  Pinion  of  the  Balance  Wheel, 
which  plies  the  two  Pallets  on  the  Axis  of  the  Balance, 
and  keeps  tlie  Balance  in  Motion. 

10.  The  Balance  in  a  Watch  is  infiead  of  the  Pendu-* 
lum  in  the  Clock;  both  Serving  to  govern  the  Motion 
of  the  whole  Machinery.  To  this  Balance  is  fix  d  a 
Small  Steel  Spiral  Spring  which  regulates  the  Motion 

thereof 
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thereof,  and  makes  it  equable ;  whence  its  Name  of 
Regulator.  N.  B.  The  Reader  will  do  well  to  have  his 
Eye  upon  the  internal  Parts  of  the  Watch  as  he  reads  this 
Defcription. 

II.  When  the  Watch  is  wound  up,  the  Chain  from 
the  Spring  exerts  a  Force  upon  the  Fufee,  which  wives 
Motion  to  all  the  Parts  of  the  Machine  in  the  following 
Manner ;  which  will  be  eafy  to  underftand  when  the 
Number  of  Teeth  in  each  Wheel,  and  Leaves  in  the 
Pinions  which  they  drive,  are  fpecified.  And  thefe  in 
Modern  Thirty-Hour  Watches  are  as  follows. 


Teeth. 

Leaves. 

Great-Wheel 

48  - 

—  12 

Centre-Wheel 

54  - 

6 

Third- Wheel 

48 - 

6 

Contrate-Wheel 

48  - - 

~  6 

Balance-Wheel 

15  - 

— ■  2  Pallets. 

12.  Hence  ’tis  eafy  to  underftand  how  often  any  one 
Wheel  moves  round  in  the  Time  of  one  Revolution  of 
that  which  drives  it.  Thus  the  Great- Wheel  on  the 
Fufee,  having  48  Teeth,  and  driving  the  Centre-Wheel 
by  a  Pinion  of  12,  muft  caufe  the  Centre- Wheel  to 
move  round  4  Times  in  one  Turn  of  the  Fufee.  And 
fo  for  all  the  reft,  as  below. 

I  12)48(4  =  Turns  of  the  Centre- Wheel. 

I  6 ^54(9  =  Turns  of  the  Third-Wheel, 

6)48(8  =  Turns  of  the  Contrate- Wheel, 
i  6)48(8  =  Turns  of  the  Balance-Wheel, 

13.  Whence  it  follows  that  the  Turns  of  each  of 
thofe  Wheels  refpe£lively  in  one  Turn  of  the  Fufee, 

V  will  be  had  by  multiplying  thofe  feveral  Quotients  to- 
;■  gether  fucceffively,  as  follows  : 

I  Turn  of  the  Fufee  or  Great-Wheel. 

4X1  —  4  Turns  of  the  Centre- Wheel. 
9X4X1  =  36  Turns  of  the  Third-Wheel. 

8[X9X4Xi  =288  Turns  of  the  Contrate-Wheel. 
8X8X9X4X1  =  2304  Turns  of  the  Balance-Wheel. 

r4.  7'he  Balance-Wheel  having  15  Teeth,  and' each 
ftriking  a  Pallet  twice  in  one  Revolution,  there  will  be 
VoL.  I.  O  2Q 
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^0  Strokes  upon  the  Axis  of  the  Balance,  which  we 
call  the  Beats  of  the  Balance  ;  and  therefore  there  will 
be  2304  X  30  =  69120  Beats  in  oneTurn  of  thehulee 

or  Great-^Vheel.  , .  ,  n  u 

I  c  The  Centre-Wheel  is  that  which  we  muft  have 
the  principal  Regard  to  in  the  Divifion  of  Titne the 
Wheels  beyond  this,  towards  the  Balance,  ferving  only 
to  multiply  the  Strokes  of  the  Balance,  and  caufe  it  to 
move  with  an  infenfible  Power,  and  be  thereby  fiibjea 
to  a  more  perfed  Regulation.  But  the  Centre-W  heel 
is  that  upon  which  both  the  Hour  and  Minute  Hand  is 
moved  or  carried  round  upon  the  Face  of  the  Watch 
to  indicate  the  Time,  viz.  the  Hour  of  the  Day,  or 

Minute  of  the  Hour.  ,  ,  •  •  ^ 

16.  Since  the  Time  of  the  Watch  s  going  is  30 
Hours,  and  the  Minute  Hand,  and  confequently  the 
Centre-Wheel,  goes  round  once  in  anH^r,  the  laid 
Centre-Wheel  will  have  30  Turns  in  the  Time  of  the 
Watch’s  going  ;  and  becaufe  it  has  four  Turns  in  one 
of  the  Fufee,  therefore  4)3o(  =  7T  =  the  Number  of 
Turns  of  the  Fufee  in  winding  up  the  Watch.  Whence 
60120  X  7,5  =518400  =  the  Number  of  Beats  du¬ 
ring  the  whole  Time  of  the  Watch’s  going. 

17  If  then  we  divide  518400  by  30>  we  ihall  have 
the  Quotient  17280  =  Number  of  Beats  in  an  Hour, 
which  is  call’d  the  Train  of  a  Watch  ;  and  it  is  faid 
to  be  s^fwifter  or  flower  Train  as  the  Number  of  Beats 
in  an  Hour  is  greater  or  lefler.  If  we  divide  t^  Train 
17280  by  3600,  the  Seconds  in  an  Hour,  the  Qut^ient 
will  be  almoft  5  ;  that  is,  there  will  be  near  5  Beats 

Second  in  fuch  a  Watch.  ,  .  -n  1  r 

18.  From  this  Analyfis  of  a  Watch,  it  will  be  eafy 
to  form  an  Idea  of  the  Manner  of  Calculation  for  the 
Numbers  of  the  Teeth  and  Leaves  for  the  levera 
Wheels  and  Pinions  throughout  the  Workj  and  1  Ihall 
endeavour  to  facilitate  and  illuftrate  this  by  an  Example 
of  the  Numbers  for  a  Watch  whofe  Train  is  14400, 
and  which  therefore  will  beat  Quarter-Seconds,  be¬ 
caufe  fuch  an  one  will  be  ufeful  for  many  Phil^ophical 
Purpofes,  as  well  as  the  common  Meafure  of  1  ime. 

iq.  The  Time  which  this  Watch  fhall  go,  may  be 
32  Hours;  then  1 4400  X  32  =  460800  =  Beats 

of’  the  Balance  in  the  whole  1  ime.  Suppofe  the  Num¬ 
ber 


i| 
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berofTurnsintheFufeebeS;  then  8)46o8oo(=576oo 
±=  the  Beats  in  one  Turn  of  theFufee.  Again,  let  the 
Number  of  Teeth  in  the  Balance-Wheel  be  1 5,  there 
will  be  30  Beats  in  one  Turn  of  this  Wheel;  then 
~  which  will  be  the  Number  arifing 

from  the  continued  Multiplication  of  al!  the  Quotients 
of  the  Wheels,  divided  by  the  Pinions  they  drive  from 
the  Great- Wheel  to  the  Balance-Wheel,  as  will  be  eafy 
to  underftand  by  Art.  12,  13. 

20.  The  Bufinefs  is  now  to  break  this  Number  into 
4  convenient  fmall  Numbers,  which  multiplied  together 
fliall  make  the  fame  Number  1 920.  Thh  may  foon  be 
done  by  a  few  Trials;  thus  fuppofe  I  take  the  Num¬ 
ber  4  for  one  of  them  ;  then  4)1920(480.  This 

I  Number,  480,  I  plainly  fee  can  be  divided  by  6  with¬ 
out  a  Remainder;  therefore  6)48o(  =:  80  ;  and  as 
I  plainly  fee  that  80  =  8  X  10,  therefore  the  four 
Numbers  fought  are  4,  6,  8  and  10.  For  thefe,  multi¬ 
plied  together,  make  1920,  vi%.  4X6X8X10  =  1920. 

21.  Having  thus  got  the  Quotients,  it  will  be  very 
eafy  to  find  what  large  Numbers,  divided  by  fmall  ones, 
will  produce  the  faid  Quotients;  thus  i2)48(  =  4} 
wherefore,  if  I  allow  48  Teeth  to  the  Great- Wheel  on 
theFufee,  it  muft  drive  a  Pinion  of  12  on  the  Centre- 
Wheel. 

i  22.  In  the  next  Place,  for  the  Quotient  6,  I  chufs 
1  the  Numbers  ^4  and  9  ;  thus  9)54(=6  ;  which  fhews 
1  that  the  Teeth  of  the  Centre- Wheel  may  be  54,  and  it 
muft  then  drive  a  Pinion  of  9  on  the  Third  Wheel. 
Or,  if  inftead  of  54  and  9,  I  rather  make  choice  of 
48  and  8,  it  will  anfwer  the  fame  End  ;  for  8)48(=:6, 

'  as  before. 

23.  Then  for  the  Quotient  10,  ’tis  eafy  to  fee,  that 

,  50  and  5  will  produce  it,  viz.  5)5o(=io.  That  is, 

the  Third  Wheel  having  50  Teeth  muft  drive  a  Pinion 
of  5  on  the  Contrate- Wheel.  If  the  faid  Wheel  has 
40,  or  60  Teeth,  and  drive  a  Pinion  of  4  or  6,  the 
fame  Number  of  Turns  will  be  obtain’d. 

24.  Laftly,  for  the  Ouotient  8,  we  have  the  Num¬ 
bers  48  and  6 ;  for  6)48(  — 8;  or  7)s6(  =  8j  or 
5)40(=:8,  Whence  if  the  Contrate- Wheel  be  al¬ 
low’d  40,  or  48,  or  56  Teeth,  it  muft  drive  a  Pinion 
of  5,  6,  or  7  Leaves  on  the  Balance-Wheel. 

O  2  25.  By 
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ac  By  this  Means  all  the  Wheels  and  Pinions  are 
determined,  and  adjufted  in  the  Body  of  the  Watch 
from  the  Fufee  to  the  Balance  ;  but  all  that  we  have 
hitherto  done  Ihews  only  the  Minutes  of  an  Hour^zm 
Seconds^  or  ^^arter^Seconds  of  a  Minute  ;  but  nothing 
has  yet  been  mention’d  relating  to  the  Mechanifm  for 
(hewing  the  Hour  of  the  Day,  of  which  we  (hall  treat 
in  the  next  Place. 

26.  This  Part  of  the  Work  lies  conceal  d  fromhight 
Plate  aI.  between  the  upper  Plate  of  the  Watch-Frame  and  the 
Fig.  2.  Dial-Plate  ;  and  fince  few  People  have  the  Opportunity 
of  viewing  this  Work,  I  have  here  reprefented  it  by  a 
Figure  ;  wherein  A  B  C  is  the  uppermoft  Side  of  the 
Frame-Plate,  as  it  appears  when  detached  from  the 
Dial- Plate;  the  Middle  of  this  Plate  is  perforated  with 
a  Hole  receiving  that  End  of  the  Arbor  of  the  Centre- 
Wheel  which  carries  the  Minute-Hand  ;  on  this  End  of 
the  Arbor,  near  thePlate,  is  fix’d  aPiniono^  of  10  Teeth  ; 
this  is  call’d  the  Pinion  of  Report-,  it  drives  a  Wheel 
of  40  Teeth  ;  this  Wheel  cd  carries  a  Pinion  ef  o\ 
12  Teeth,  and  this  drives  a  Wheel  g  h  with  36  Teeth. 

27.  As  in  the  Body  of  the  Watch  the  Wheels  every 
where  drive  the  Pinions,  and  fo  quicken  or  increafe  the 
Motion  ;  here,  on  the  contrary,  the  Pinions  drive  the 
Wheels,  and  by  that  means  decreafe  the  Motion,  which 
is  here  neceflary ;  for  the  Hour-Hand,  which  is  carried 
by  a  Socket  fix’d  on  the  Wheel^/>,  is  required  to  move 
but  once  round  while  the  Pinion  a  b  moves  12  Times 
round.  To  this  End  the  Motion  of  the  Wheel  r  ^  is  ^ 
of  the  Pinion  ab,  becaufe  io)40(=4.  Again,  while 
the  Wheel  cd,  or  the  Pinion  ef  goes  once  round,  it 
turns  the  Wheel  g  h  but  |  Part  round,  for  ]2)36(=3. 
Confequently  the  Motion  oi  gh  \%  but  -j  of  5,  of  the 
Motion  ab-,  but  A  of  ^  =  r-r,  that  is,  the  Hour- Wheel 
?  h  moves  once  round  in  the  1  ime  that  the  Pinion  of 
Report  on  the  Arbor  of  the  Centre  or  Minute-Wheel 
makes  twelve  Revolutions,  as  requir’d. 

28.  Having  thus  (hewn  the  Nature  and  Manner  of 
the  Mechanifm  of  a  Watch,  the  Strudfure  of  that  Part 
of  a  Clock,  which  is  concern’d  in  (hewing  the  Time, 
wi.l  eafily  be  underftood,  efpecially  as  it  is  reprefented 
in  the  Draught.  The  Mechanifm  of  a  Clock  confifts 
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of  tivo  PartSy  one  to  Jhew  the  Time,  the  other  to  report 
tty  by  firilcing  the  Hour  upon  a  Bell.  How  each  of 
thcfe  is  efFedled>  I  fhall  fhew  by  the  following  Steps. 

29.  Each  Part  is  aduated  or  moved  by  Weights^  as 

in  common  Clocks,  or  Springs  included  in  Boxes  or  XI. 

Barrels,  as  A  j  this  Cylinder  moves  the  Fufee  B,  and  3* 

the  great  Wheel  C,  (to  which  it  is  fix’d)  by  the  Line 

or  Cord  that  goes  round  each,  and  anfwers  to  the 
Cham  of  the  Watch.  The  Method  of  Calculation  is 
here  nearly  the  fame  as  before.  For  fuppofe  here  the 
Great- Wheel  C  goes  round  once  in  twelve  Hours; 
then  if  it  be  a  Royal  P endulum  Clock,  fwinging  Seconds, 
we  have  60  X  60  X  12  432000  Seconds  or  Beats,  in 

one  Turn  of  the  Great- Wheel. 

30.  But  becaufe  there  are  60  Swings  or  Seconds  in 
one  Minute,  and  the  Seconds  are  fliewn  by  an  Index 
on  the  End  of  the  Arbor  of  the  Swing-Wheel  (which  in 
thofe  Clocks  is  in  an  horizontal  Pofition)  therefore 
’tis  neceflary  that  the  Swing-Wheel  fhould  have  30 
Teeth.  Whence  6o)432oo(=72o,  the  Number  to 
be  broken  into  Quotients  for  finding  the  Number  of 
Teeth  for  the  other  Wheels  and  Pinions,  as  before,  in 
Art.  20. 

31.  But  fince  the  Minute-Wheel  D  goes  12  Times 
round  in  one  T urn  of  the  Great-Wheel  C,  we  know 
one  of  the  Quotients  muft  be  12;  whence  i2)72o(=: 

60;  and  60  is  compounded  of  6X10,  or,  8X7,5. 

So  that  either  6  and  10,  or  8  and  7.1  are  the  two  other 
Quotients;  but  the  latter  Numbers  are  preferable  to  the 
former,  as  affording  a  greater  Uniformity  of  the  Parts 
and  Eafe  in  the  Execution.  Therefore  8)6o(:::7j  ; 
hence  if  we  give  60  Teeth  to  the  Middle  or  Minute- 
Wheel  D,  it  drives  a  Pinion  of  8  on  the  Contrate- 
Wheel  E. 

3^'  The  other  (^otient  8  will  give  us  8)64f  r:  {?, 

or7)56(:=8;  that  is,  if  we  give  64  Teeth  to  the  Con- 
trate-Wheel  E,  it  mull  drive  a  Pinion  of  8  on  the  Ar¬ 
bor  of  the  Swing  Wheel.  But  if  only  56  be  allow’d, 
then  it  muft  drive  a  Pinion  of  7,  and  thefe  laft  Num¬ 
bers  are  now  generally  ufed.  I'hus  much  for  the  Tune 
Party  as  far  as  the  Minutes  and  Seconds;  As  for  the 

O  3  Pinions 
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Pinions  and  Wheels  to  (hew  the  Hours,  they  are  the 
fame  as  was  before  fliewn  in  the  Watch,  J>t.  27. 

01  In  Spring  Clocks  the  Difpofition  of  the  Wheels 
in  the  Watch  Partis  fuch  as  is  here  reprefented  in  the 
Fkure,  where  the  Swing- Wheel  F  is  in  an  horizontal 
Pofition,  the  Seconds  not  being  fhewn  there  by  an  m- 
dex,  as  is  done  in  the  large  Pendulum  Clocks,  accord¬ 
ing  to  the  foregoing  Calculation  :  '^ence  m  thefe 
Clocks  the  Wheels  are  difpofed  in  a  different  Manner, 
as  reprefented  in  4.  where  C  is  the  Great- Wheel, 

D  the  Centre  or  Minute-Wheel,  both  as  before ;  bin 
the  Contrate-Wheel  E  is  placed  on  one  Side,  and  t 
the  Swing-Wheel  is  plac’d  with  its  Centre  m  the  fame 
perpendicular  Line  GH  with  the  Minute-Wheel,  and 
with  its  Plane  perpendicular  to  the  Horizon,  as  are  a 
the  others.  Thus  the  Minute  and  Hour  Hands  turn  on 
the  End  of  the  Arbor  of  the  Minute-Wheel  at  and 
the  Second-hand  on  the  Arbor  of  the  Swing-Wheel 

74-.  It  remains  now  that  we  give  an^  Account  of 
the  Machinery  of  the  Strikuig-Part  of  a  Clock.  Here 
as  in  the  JVatch-Part,  the  Primurn  Mobile  is  a  large 
Spring,  in  the  Sprlng-Burrei  G  ;  but  in  l^^g  Pendu¬ 
lums  it  is  a  Weight,  as  is  well  known.  This  by_  its 
Cord  and  Fufee  moves  the  G’eat  V/heelFi  -y  that  gives 
Motion  to  the  Pin-wheel  1  j  that  continues  it  to  the 
UM  or  Hoop  Wheel  K  ;  and  that  to  the  Warning-Wheel 
L  •  which  at  laft  is  fpent  on  the  Flytng-Pinion  Q., 
which  carries  the  Fly  or  Fan  ;  and  by  its  great  Veloci¬ 
ty  it  meets  with  great  Refiftance  from  the  Air  d  ftrikes, 
and  by  this  means  bridles  the  Rapidity  of  the  Clock  s 
Motion,  and  renders  it  equable. 

Of.  All  thefe  Wheels  are  quiefeent  or  motionlefs,  un- 
lef^when  at  the  Beginning  of  each  Hour  the  Detent  O 
is  lifted  up,  by  which  means  the  Work  is  unlock  d, 
and  the  Whole  put  into  Motion  by  Virtue  of  the  Spring 
in  the  Box  G.  During  this  Motion  the  Pins  e,e, 
of  the  Pin- Wheel  I,  takes  the  Tail  of  the  Hammer  T, 
and  carrying  it  upwards  removes  the  Head  of  the  Ham¬ 
mer  i  fro  n  the  Bell  R  ;  then  being  let  go  by  the  Pin  it 
js  made  by  a  ftrong  Spring  to  give  a  forcible  Stroke 


|l 


't 


M  E  C  H  A  N  I  C  S.  199 

upon  the  Bell,  and  this  is  repeated  as  often  as  the  Hour 
requires,  by  Means  of  a  Contrivance  in  another  Part. 

36.  This  confifts  of  moveable  Wheels,  and  feveral 
Levers,  and  other  Parts,  which  cannot  be  underftood 
by  a  bare  Defcription,  or  even  by  a  Reprefentation  in 
a  Draught,  fo  well  as  any  Perfon  may  have  an  Idea  of 
them  by  talcing  off  the  Face  or  Dial  Plate  of  a  late- 
made  Eight-Day  Clock;  for,  within  8  or  10  Years 
paft,  great  Improvements  have  been  made  in  this  Part 
ofthe  Mechanifm.  Of  which,  perhaps,  I  may  give  a 
more  ample  Account  in  another  Place,  the  Scope  of 
my  prefent  Defign  not  admitting  it  here. 

37.  To  the  Invention  of  Mr.  Maurice  JVIjeeler  VfQ 
owe  the  curious  Contrivance  of  a  Clock  defcending  on  an 
Inclined  Plane ;  the  Theory  of  which  is  worth  any  Gen¬ 
tleman’s  Knowledge,  and  may  be  feen  inN®i6i.  of  the 
Philofophical  Tranfadiions.  Alfo  the  Clock  itfelf  may 
be  feen  at  Don  Saltero’s  CofFee-houfe  in  Chelfea. 

38.  But  lince  many  People  may  have  a  Curiofity  to 

be  acquainted  with  this  odd  Kind  of  Machinery,  who  7- 
have  neither  of  the  Opportunities  abovemention’d,  I 
will  here  prefent  them  with  a  fhort  Account  of  this 
Clock.  DE  is  the  inclined  Plane  on  which  the  Clock 
ABC  defcends  ;  it  confifts  externally  of  a  Hoop,  and 
two  Sides  or  Plates  ftanding  out  beyond  the  Hoop 
about  f  of  an  Inch  all  round,  and  indented  that  the 
Clock  may  not  jllde^  but  turn  round  as  It  moves  down. 

39.  One  of  thefe  Plates  is  infcribed  with  the  24 
Hours,  which  pafs  fucceffively  under  the  Index,  which 
is  always  in  a  Pofition  perpendicular  to  the  Horizon, 
and  Ihows  the  Hour  on  the  Top  of  the  Machine  :  For 
this  Reafon  the  lower  Part  of  the  Index  is  heavieft, 
that  it  may  preponderate  the  other,  and  always  keep 
it  upright  as  the  Movement  goes  on. 

40.  For  the  internal  Part  or  Mechanifm,  let  LEDQ_ 

be  the  external  Circumference  of  the  Hoop,  andyy  the 
Frame-Plate  on  which  is  placed  the  Train  of  Wheel- 
Work  I,  2,  3,  4.  which  is  much  the  fame  as  in  other 
Clocks,  and  ‘s  govern’d  by  a  Balance  and  Regulator  as 
in  them.  But  for  a  Spring  and  Fufee,  there  needs 
none  in  this  Clock,  their  EfFedls  being  otherwife  an- 
fwer’d,'  as  we  ftiall  fee.  •; 

41.  In  this  Machine  the  great  Wheel  i  is  plac’d  In 
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the  Centre,  or  upon  the  Axis  of  the  Movement,  and 
the  other  Wheels  and  Parts  towards  one  Side,  which 
therefore  would  prove  a  Biafs  to  the  Body  of  the  Clock, 
and  caufe  it  to  move,  even  on  a  horizontal  Plane,  for 
fome  ftiort  Diftaace  ;  this  makes  it  necelTary  to  fix  a 
thin  Plate  of  Lead  at  C  on  the  oppofite  Part  of  the 
Hoop,  to  reftore  the  Equilibrium  of  the  Movement. 

42.  This  being  done,  the  Machine  will  abide  at 
reft  in  any  Pofition  on  the  horizontal  Plane  HH  ;  but 
if  that  Plane  be  changed  into  the  Inclined  Plane  DE, 
it  will  touch  it  in  the  Point  D  ;  but  it  cannot  reft  there, 
becaufe  the  Centre  of  Gravity  at  M  acting  in  the  Di- 
redion  MT,  and,  the  Point  T  having  nothing  to  fup. 
port  it,  muft  continually  defeend  and  carry  the  Body 
down  the  Plane. 

43.  But  now  if  any  Weight  P  be  fix’d  on  the  other 
Side  the  Machine,  fuch  as  fhall  remove  the  Centre  of 
Gravity  from  M  to  the  Point  V  in  the  Line  LH, which 
pafies  thro’  the  Point  D,  then  it  will  reft  upon  the  In¬ 
clined  Plane,  as  we  have  fliewn  in  the  Cafe  of  the 
Rolling  Cylinder  j  for  this  Inftrument  is  founded  on  the 
fame  Principle. 

44.  If  now  the  Weight  Pbefuppofed  not  fix  d,  but 
fufpended  at  the  End  of  an  Arm,  oxVe£ih\  which 
Arm  or  Lever  is  at  the  fame  Time  faften’d  to  a  Cen¬ 
tral  Wheel  I,  moving  on  the  Axis  M  of  the  Machine, 
which  Wheel  by  its  Teeth  {ball  communicate  with  the 
7'rain  of  Wheels,  Cfr.  on  the  other  Side ;  1  fay,  in 
this  Cafe  if  the  Power  of  the  Weight  P  be  juft  equal  to 
the  Friflion  or  Befiftance  of  the  Train,  it  will^  remain 
motionlefs  all  one  as  before  when  it  was  fix  d  ;  and 
confequently  the  Clock  alfo  will  be  at  reft  on  the  In- 
dined  Plane. 

4,.  But  fuppofing  the  W^eight  P  has  a  Power  fupe- 
rior  to  the  Refiftance  of  the  T  rain,  it  will  then  put  it 
into  Motion,  and  of  courfe  the  Clock  likewife,  which 
will  then  commence  a  Motion  down  the  Plane,  while 
the  Weight  P,  its  Ve£lh  PM,  and  the  Wheel  1,  all 
retain  conftantly  the  fame  Pofition  they  at  firft  have 
when  the  Clock  begins  to  move. 

46.  Hence  'tis  eafy  to  underftand  that  the  We  ght  P 
may  have  fuch  an  intrinfic  Gravity  as  {hall  caufe  it  m 
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3(9:  upon  the  Train  with  any  required  Force,  fo  as  to 
produce  a  Motion  in  the  Machine  of  any  required  Vc' 
jocity,  as  fuppofe  fuch  as  (hall  carry  it  once  round  in 
I  twenty-four  Hours  ;  then  if  the  Diameter  of  the  Plates 
A  B  C  be  four  Inches,  it  will  deferibe  the  Length  of 
I  its  Circumference,  viz.  12,56  Inches  in  one  natural 
Day  ;  and  therefore  if  the  Plane  be  of  a  fufficient 
i  Length,  fuch  a  Clock  may  go  feveral  Days,  and  w'ould 
f  be  a  perpetual  Motion.^  if  the  Plane  were  of  an  infinite 
\  Length. 

j  47,  Let  S  D  be  drawn  through  M  perpendicular  to 
j  the  inclined  Plane  in  the  Point  D.  Alfo  let  LD  be 
\  perpendicular  to  the  horizontal  Line  H  H,  palling 
!  through  D.  Then  is  the  Angle  HDE=:LDS=:DMT. 

'  Whence  it  follows,  that  the  greater  the  Angle  of  the 
Plane’s  Elevation  is,  the  greater  will  be  the  Arch  DT, 
and  confequently  the  farther  Vi'ill  the  common  Centre 
of  Gravity  be  removed  from  M  ;  therefore  the  Power  of 
P  will  be  augmented,  and  of  courfe  the  Motion  of  the 
whole  Machine  accelerated. 

48.  Thus  it  appears,  that  by  duly  adjufting  the  in- 
trinfic  Weight  of  P  atfirft  to  produce  a  Motion  fhew- 
ing  the  mean  Time  as  near  as  poffible;  the  Time  may 
afterwards  be  correiled,  or  the  Clock  made  to  go  fajitr 
ler  Jlower  by  raifing  or  deprelling  the  Plane,  by  means 

I  of  the  Screw  at  S.  The  Angle  to  which  the  Plane  is 
firft  raifed  is  about  ten  Degrees. 

49.  We  have  given  the  Theory  of  a  Clock  it^oving 
\do'wn  an  Inclinfd  Plane:  Let  us  now  confider  how  apj  g 
Clock  may  be  made  to  afeend  on  the  fame  Inclined 

I  Plane.  I’o  this  End  let  ABD  be  the  Machine  on  the 
Inclined  Plane  EDE,  and  let  it  be  kept  thereon  at 
iP-efr,  or  in  Equilibrio.,  by  the  Weight  P,  at  the  End 
”  of  the  Lever  PM.  The  circular  Area  CF  is  one  End 
:  of  a  Spring  Barrel  in  the  Middle  of  the  Movement,  in 
which  is  included  a  Spring,  as  in  a  common  Watch. 

50.  7'o  this  End  of  the  Barrel  the  Arm  or  Lever 
PM  is  fix’d  upon  the  Centre  M  ;  and  thus  when  the 

S  Clock  is  wound  up,  the  Spring  moves  the  Barrel, 

■and  therefore  the  Lever  and  Weight  P,  into  the  Situ¬ 
ation  PM.  In  doing  this,  the  Centre  of  Gravity  is 
■conftaotly  removed  farther  from  the  Centre  M  of  the 

Ma- 
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In  the  ORRERY  and  COMET ARIUM, 
the  whole  Machinery  is  a  Compages  of 
Wheels  of  various  Sizes,  fuitably  contrived  , 
and  adapted  to  produce  circular  and  ellip¬ 
tical  Motions  of  Bodies  reprefenting  the 
Flanets  and  Comets^  in  fuch  Periods  of 
Time  as  are  exadlly  proportional  and  cor- 
refpondent  to  the  refpedfive  Motions  of  the 
Heavenly  Bodies  which  they  reprefent  j  al- 
fo  their  feveral  Phafes,  Pofitions  of  the  Or- 
'bits,  and  other  AfFedlions,  fo  as  to  be  a 
perfe61:  Microcofin^  or  Solar  Syjlem  in  Mi¬ 
niature  (XLIIl,  XLIV.) 

Machine,  and  therefore  it  muft  determine  the  Clock  to 
move  upwards  ;  which  it  will  continue  to  do,  fo  long 
as  the  Spring  is  unbending  itfelf  j  and  thus  the  Weight 
and  its  Lever  PM  will  preferve  the  Situation  they  firft  j 
have,  and  do  the  Office  of  a  Chain  and  Fufee.  This  ■ 
is  the  Contrivance  of  M.  de  Gennes.  See  PhiL  Tranf 
140. 

(XLIIL)  It  would  be  too  great  an  Undertaking  here 
to  give  an  Account  of  the  Mechanifm  of  the  larger  Sort 
ofOrreries,  which  reprefent  the  Movements  of  all  the 
heavenly  Bodies;  nor  indeed  can  it  be  done  either  by 
Diagram  or  Defcription,  to  render  it  intelligible  to  the 
moft  difcerning  Reader ;  but  inftead  of  that,  I  fliall 
exhibit  an  Idea  of  the  Theory  and  Stru£ture  of  an  ufe- 
ful,  concife,  and  portable  Planetarium.,  which  any 
Gentleman  may  have  made  for  a  fmall  Expence,  and 
will  exhibit  very  juflJy  the  Motions  of  all  the  primary 
'Planets  about  the  Sun  by  Wheel-Work  ;  and  thofe 
that  have  Secondaries  or  Moons,  may  have  them  pla¬ 
ced  about  their  Primaries,  moveable  by  the  Hand,  fo 
that  the  whole  fliall  be  a  juft  Reprefentation  of  the  Solar 
Syjiem,  or  true  State  of  the  Heavens,  for  any  given 
Time  of  the  Year. 

2.  In 


X 

V) 

N 


1- 

j 


I 


I 

ii 

(j 

» 

I 

1 

I' 

I 

I. 

I. 

i 

1 


II 

1 

II 


I 

t 

) 


I 


203 


Mechanics. 

’ ;  2.  In  order  to  this  we  muft  firft  compare,  and  find 
i  i’lut  the  Proportion,  which  the  Periodical  Times  or  Rc- 
i  solutions  of  the  Primary  Planets  bear  to  that  of  the 
iarth  ;  and  they  are  fuch  as  are  expreffed  in  the  Tablet 
i]  jielow,  where  the  firft  Column  is  the  Time  of  the 
<]  Earth’s  Period  in  Days,  and  Decimal  Parts  ;  the  fe- 
^  :ond  that  of  the  Planets ;  the  third  and  fourth  are  Num- 
i  'pers  in  the  fame  Proportion  to  each  other. 

^  i  As  365,25  ;  88  5  ::  83  :  20,  for  Mercury, 

£  •  365,25  :  224,7  ^  ::  52  :  32,  for  Venus. 

I  365,25  :  686,9  d'  ::  40  :  75,  fox  Mars. 

I  365,25  :  4332,5  %"•  1  83>  for  Jupiter. 

365,25  :  10759,3  b  ::  5  :  148,  for  Saturn. 

H  , 

3.  If  now  we  fuppofe  a  Spindle  or  Arbor  with  fix  PlateXII. 

i  Wheels  fix’d  upon  it  in  an  horizontal  Pofition,  having  the  big.  i. 
Number  of  Teeth  in  each,  correfponding  to  the  Num¬ 
bers  in  the  third  Column,  viz.  the  Wheel  A  M  of  83 
I  Teeth,  BL  of  52,  CK  of  50  (for  the  Earth,)  DI  of 
I  40,  E  H  of  7,  and  F  G  of  5  ;  and  another  Set  of 
I  jWheels  moving  freely  about  an  Arbor,  having  the 
I  , Number  of  Teeth  in  the  fourth  Column,  viz.  A  N  of 
;  20,  BO  of  32,  CP  of  50  (for  the  Earth,)  DQ.of  75, 

*  |ERof  83,  and  FS  of  148  ;  then  if  thofe  two  Arbors  of 
I  fix'd  and  moveable  Wheels  are  made  of  the  Size,  and  fix’d 
’■  at  the  Diftance  from  each  other,  as  here  reprefented  in 
the  Scheme,  the  Teeth  of  the  former  will  take  thofe  of 
(  the  latter,  and  turn  them  very  freely  when  the  Ma- 
I  chine  is  in  Motion, 

-  I  4.  Thefe  Arbors,  with  their  Wheels,  are  to  be 
placed  in  a  Box  of  an  adequate  Size,  in  a  perpendicular 
"  Pofition  ;  the  Arbor  of  fix’d  Wheels  to  move  in  Pivots 
Id  i  at  the  Top  and  Bottom  of  the  Box;  and  the  Arbor  of 

ii  moveable  Wheels  to  go  through  the  Top  of  the  Box  to 
i  a  proper  Height,  on  the  Top  ol  which  is  to  be  placed 
:  a  round  Ball,  gilt  with  Gold,  to  reprefent  the  Sun. 

;  On  each  of  the  moveable  Wheels  is  to  be  fix’d  a  Socket 
jor  'Tube  afeending  above  the  Top  of  the  Box,  and 
I  having  on  the  T  op  a  Wire  fix’d,  and  bent  at  a  proper 
i*:  j  Diftance  into  a  Right  Angle  upwards,  bearing  on  the 
'  !  Top  afmall  round  Ball  reprefenting  its  proper  Planets. 


! 


5.  If  then  on  the  lower  Part  of  the  Arbor  of  fix’t 
Wheels  be  plac’d  a  Pinion  of  Screw-Teeth,  a  Wind]' 
turning  a  Spindle,  with  an  endlefs  Screw,  playing  i^  i 
the  Teeth  of  the  Arbor,  will  turn  it  with  all  its  Wheels  ^ 
and  thefe  Wheels  v/ill  move  the  others  about  with  thei^ 
Planets  in  their  proper  and  refpe£tive  Periods  of  Timf|jJ 
very  exaclly.  For  while  the  fix’d  Wheel  CK  movei 
its  equal  CP  once  round,  the  Wheel  A  M  will  mov, 
AN  a  little  more  than  four  Times  round,  and  fo  wi\j 
nicely  exhibit  the  Motion  of  Mercury ;  and  the  Whe6| 

FG  will  turn  the  Wheel  F  S  about — ^^round,  and  {' 

29,5  1 

will  reprefent  the  Motion  of  Saturn.  And  the  fame  i 

to  be  faid  of  all  the  reft.  t 

6.  If  on  the  Top  of  the  Box  be  placed  a  Circle  witi 

the  Signs  of  the  Ecliptic,  including  all  the  Planets,  il 
will  be  eafy  by  this  Machine  to  reprefent  the  Motion 
and  various  Phaenomena  of  the  heavenly  Bodies,  bl 
thofe  who  have  Skill  in  fuch  Things.  Having  thn 
fliew’d  the  Reafon,  Strudure,  and  Parts  of  the  pon" 
table  Planetarium,  the  reft  muft  be  left  to  the  Fan® 
and  Pleafure  of  the  Gentleman,  and  the  Ingenuity  ci 
the  Workman.  1)' 

7 .  Since  the  above  was  wrote,  I  have  had  the  Pleatj 

fure  to  find  that  Mr.  J.  Neale  (Watch-Maker  i 

Leaden- Hall  Street,  London)  has  invented  and  mad: 
an  Orrery  upon  the  fame  Plan  with  mine  above  deij 
fcribed  ;  the  Difpofition  of  the  Parts,  and  even  the  vet 
Number  of  the  Wheels  (all  but  two)  being  the  fam^. 
except  that  in  mine  the  Wheel  of  148  Teeth  for  5(11 
turn  he  thought  too  large,  and  therefore  by  breakiuJ 
the  Quotient  of  5)148(^=29,6  into  two,  he  fubftitutci 
two  Wheels  (as  there  is  Room  enough  fo  to  do)  in  i/i 
Stead,  and  has  thus  brought  the  Work  into  fo  fmall  iji 
Compafs,  that  for  fuch  Gentlemen  as  require  It,  M 
can  make  an  Orrery  in  the  Compafs  of  a  Watch,  thiji 
fhall  fhew  the  Motions  of  all  the  Primary  Planets  i:j! 
the  Solar  Syftem  very  nicely,  which,  as  fuch,  may  tj 
properly  call’d  Pocket  Orreries. 

(Xi  IV.)  r.  ‘I  fhall  here  give  an  account  of  theMoii 
chanifm  of  that  Inftrument,  which  I  call  a  Comet/.| 
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i.lUM  ;  for  though  Dr.  Defaguliers  has  (the  firft  of 
ny  I  know  of)  defcribed  it  under  the  Chara£ler  of 
’art  of  a  Planetarium,  and  by  it  reprefented  the 
jilotion  of  the  Planet  Mercury ;  yet  I  conceive  it  is 
jauch  more  adapted  to  reprefent  the  Motion  of  a  Co¬ 
net  than  a  Planet,  becaufe  none  of  the  Planets  defcribe 
Drbits  fenfibly  Elliptical^  whereas  thofe  of  the  Comets 
.re  very  much  fo.  I  have  therefore  alter’d  the  Dodor’s 
'Contrivance,  and  adapted  it  to  the  Motion  or  Theory 
jf  the  Comet  of  the  Year  1682,  whofe  Period  is  751- 
jf^ears  ;  and  have  moreover  alter’d  the  Mechanifm  of 
[he  Parts,  by  which  the  Inftrument  is  render’d  much 
nore  elegant  and  ufeful. 

2.  The  Strudure  and  Rationale  of  this  Inftrument  is  PI.  XIL 
is  follows.  When  the  Lid  is  taken  off  of  the  Box,  the  Fig.  2, 
iiternal  Parts  appear  as  in  the  Figure.  NO  and  QT 
Tc  two  Elliptic  Wheels  turning  each  other  about  their 
foci  I  and  S,  by  means  of  a  Cat-Gut  String  in  a  Groove 
'n  their  Edges,  crofting  at  K.  Thefe  oval  Wheels  are 
ix’d  in  Arbors  or  Axes  which  pafs  through  the  fame 
*'ocus  S  and  I  in  each ;  the  Oval  NO  is  moved  by  the 
ircular  Wheel  I,  fix’d  alfo  upon  the  fame  Axis,  but 
ibove  it  on  the  Bar  or  long  Piece  GV ;  which  Wheel 
s  itfelf  moved  by  another  equal  Wheel  G,  and  that 
liiiy  an  endlefs  Screw,  turn’d  by  a  Winch,  on  the  Out- 
Ide  of  the  Box.  All  which  is  evident  in  the  Figure. 

<.!;  3.  The  Perimeter  of  the  Oval  Q_T,  where  it 
■''•ipuches  that  of  NO,  will  have  a  Velocity  alwayspro- 
1  .rjwrtional  to  the  Diftance  from  I,  that  is,  in  the  Points 
1  ,|C,  4,  3,  2,  I,  Cfr.  the  Velocities  will  be  as  the  Lines 
•IK,  I  4,  I  3,  I  2,  I  I,  ^c.  which  maybe  confider’d 
' ;  IS  Levers  ading  upon  and  moving  the  Oval  Q_T  in 
li.hofe  Points.  Now  if  the  Ovals  are  fuch  that  S  K  is 
f  .,1:0  SV,  or  IK  to  1 1,  as  6  to  I,  then  will  the  Point  K 
J  I  Have  6  Times  the  Velocity  turn’d  by  the  Lever  IK,  as 
■  |he  Point  V  will  have  when  it  has  made  \  a  Revolution, 
i  :  )ris  come  under  the  Point  S,  where  it  is  turn’d  by  the 
;  ..ever  I  r,  than  in  the  Situation  1  S. 

4.  If  we  take  SPrciKzrlS,  and  upon  the  Point  S,  r, 

>5  Foci,  you  defcribe  the  Ellipfis  PLIM,  that  will  re- 
^-OTefent  the  Orbet  of  the  Comet,  or  the  Figure  of  the 
-lijroove  on  the  Lid  of  the  Box,  in  which  a  round  Brafs 

Ball, 
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In  WATER-MILLS,  Momentum  o\ 
the  falling  Water  is  the  Power  j  the  Forci; , 
to  be  overconre  is  the  great  Attrition  oi*  i 
the  two  Stones  in  grinding  the  Corn,  (ift; 
which  is  effeaed  wholly  by  a  Complicate 
on  of  Wheels  and  Axles.  A  Query  ma': 
here  be  put.  Why,  fince  the  Power  com 
ftantly  afts  upon  the  Wheel,  the  Motioi,| 
of  the  Wheel  fhould  be  equable,  and  ncj! 
accelerated  :  The  Anfwer  is.  The 
ments  of  Velocity  keep  riling,  till  thei^j 
Mofnentum  is  eq^uall  d  by  the  Refill ance  o| 

Ball,  reprefenting  the  Comet,  is  made  to  Hide  along  oi 
a  Piece  of  Wire,  call’d  the  Radlm  VeSior,  fix  d  at  015 
End  into  the  Top  of  the  Arbor  at  S,  where  we  mfj 
fuppofe  the  Sun  to  be,  and  is  accordingly  reprefentoi 

by  a  filver’d  Plate  at  Top.  _  J 

5.  The  Place  of  the  Comet  at  P  is  call  d  the  Perl 
helion,  as  being  there  neareji  the  Sun  ;  as  I  is  its  Aphei 
on  or  Point  oi  great ejl  D  'l/iance.  Since  SP — S  K,  tl,j 
Velocity  of  the  Comet  will  be  in  the  Point  P  equa  it 
that  of  the  Point  K  ;  and  were  the  Comet’s  Aphelie;| 
at  s,  its  Velocity  there  would  be  equal  to  that  of  pi 
Point  V  when  under  s,  viz.  fix  Times  lefs  than  beforis 
but  fince  the  Comet’s  Aphelion  is  at  I,  and  fi^e  tj 
<yreater  Arch  defcribed  in  the  fame  Xime  muft  haj 
a  greater  Velocity,  the  Velocity  of  the  Comet  at  I 

be’^about  4  ofthat  atP.  ,  .  .  ,  t,  • 

6.  The  filver’d  Ellipfis  on  the  Lid  of  the  Box  is  (ii 

•vided  into  1 00  Parts,  fliewing  the  Anomaly  of  the  Q 
met ;  and  about  the  Axis  of  the  Wheel  G  is  placed?. 
Silver  Circle,  divided  into  yst  equal  Parts,  reprefer; 
ino-  the  Years  or  Period  of  the  Comet,  with  a  prof  ;' 
Index,  pointing  to  thofe  Divifions,  by  which  Mea, 
’tis  eafy  to  fhew  the  feveral  Particulars  relating  to  t : 
Theory  of  Elliptic  Motions,  whether  of  a  Planet 
Comet.  . 
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Ihe  Machine  j  after  which  Equilibrium 
Wheel  goes  on  with  an  uniform  Mo- 
iion  (XLV.) 

(XLV.)  The  Mechanifin  of  a  Water-Mill  depends 
pon  the  following  Principles. 

,  I.  The  Action  or  Power  of  the  Water  which  drives 
j(ie  great  Wheel.  Here  it  will  be  neceflary  to  deter¬ 
mine  its  Force  ilTuing  out  of  the  Aperture  of  the  Sluice 
jr  Pen-Stock,  and  alfo  the  Velocity  of  its  Motion  when 
he  Height  is  known  ;  and  the  Height  neceflary  topro- 
juce  a  given  Velocity. 

j  2.  As  to  the  Force  of  Water  ifluing  through  the 
|Iuice,  that  is,  its  momentary  Impulfe,  we  fhall  fhew 
Jbm  Hydroftadc  Principles,  that  it  is  always  proportio- 
al  to  the  Altitude  of  the  Water  above  the  Centre  of 
;f  the  Hole  through  which  it  pafles.  And  fmce  we 
now  by  Experiment  that  a  cubic  Foot  of  Water  weighs 
:  pry  nicely  looo  Ounces  Averdupoh^  or  62,5  ;  if  we 

nd  the  Area  of  the  Aperture  in  Feet  and  Parts,  and 
lultiply  that  by  the  Number  of  Feet  the  Water  has 
bove  the  Centre,  and  laftly,  you  multiply  that  Pro¬ 
ud  by  62,;  lb.  this  laft  Produfl  will  be  the  Force  of 
•  le  W ater  exprefs’d  in  Pounds  Averdupois. 

3.  For  Example  ;  fuppofe  the  Width  of  the  Sluice 
‘  2  Inche',  or  i  Foot,  and  that  it  Is  drawn  up  to  the 
k  (eight  of  three  Inches,  or  0,25  of  a  Foot,  the  Area 
i  F  the  Aperture  will  then  be  i  x  0,25=0,25  ;  if  the 
i  eight  of  the  Water  be  7,5  Feet  above  the  Orifice, 

I  fen  7,5  X  0,25  will  be  1,875,  which  multiplied  by 
r 2,5  gives  116,1875,  or  about  116,2  lb.  for  the  in- 
antaneous  Preflure  of  the  Water  on  any  Obftacle. 

^  5.  To  find  the  Velocity,  and  confequently  the 
■  ilyantlty  of  Water  expended  at  the  Orifice  in  a  given 
'ime,  we  muft  confider  that  a  Body  falls  16,2  Feet 
'  i  the  firft  Second,  and  acquires  a  Velocity  which  in 
1  horizontal  Diredtion  is  at  the  Rate  of  52,4  Feet  per 
'  Jcond  ;  now  let  S  be  any  other  Space  and  the  horizon- 

J 1  Velocity  V  j  then  we  fliall  have  16,2  :  S  ::  32,4 

'  'V* ;  therefore  32,4^  S=  1 6,2  V,  and  fo  3^>4-  x  S  = 

16,2 

'  V% 


V*,  Hut  is  ^/64.8  S  =  V.  Now  fince  S  =  7  ,=, 
Height  of  the  Water  above  the  Centre  of  the  Orifice, j 
therefore^64,8  x  7T5  =  ^2  per  Second,  the  Velocity, 

of  the  ilTuing  Water  as  required.  I 

6.  This  Velocity  might  alfo  have  been  found  by? 
finding  the  Time  of  the  h  all  thro*  7,5  Feetj  thus  16,2,^ 


•  bo  7,s  ;  f  =  1666,6,  the  Square  Root  ol 
which  is  4o'"',8  ;  now  fince  the  Velocity  of  fpoutinglj 
Water  is  uniform,  there  will  pafs  twice  7,5  or  i «!( 
Feet  in  40'", 8  ;  and  therefore  if  40'", 8  :  15  F.  ::  60  j 

•  22  F.  and  a  little  more,  the  fame  as  before.  1 

7.  If  the  Velocity  be  given,  and  it  be  required  td 
find  the  Height  of  the  Fall  neceffary  to_^u«  it  fj 
we  have  from  the  foregoing  Theorem  (\/o4,8S  -V,  1 

S=6^»  S'ven  Velocity  be  22  Feet 

Second,  then  V=22,  and  S  —  g—  7>5  nearly,  diJ 

Height  of  the  Water  above  the  Centre  of  the  Apertury 
For  the  Velocity  of  Water  is  the  fame  in  F^^ 
any  Space  or  Height,  and  in  the  Orifice  of  a  Sluice 

the  fame  Depth  below  the  Surface.  3 

8.  The  Quantity  of  Water  iffuing  out  isthus  dete  i 
mined  for  any  given  Time;  fince  a  Column  o  a  j 
=22  Feet  isVoduced  in  i  Second,  we  fhall  have  6, 
x22=  1320  Feet  in  i  Minute,  or  isS+ooJnches, 
and  the  Area  of  the  Aperture  being  3  -  3° 
ches,  we  have  in  that  Column  158400  X36  — 57  4  ?! 

Cubic  Inches  ;  which  divided  by  282,  gives 
Ions,  or  32  Hogflieads  6  Gallons,  which  fpouts  on  tt,i 

Wheel  in  a  Minute.  „ „  .  j 

q  If  we  now  fuppofe  this  Column  of  Water  flowir^ 

into  the  Buckets  of  an  Over-fhot  Wheel,  which  is  , 
Feet  in  Diameter,  and  has  30  Buckets  o"  Us  ®  1 

(asis  the  Cafe  of  that  a.  the  by  the  Abb 

in  Nun-Eaton  in  Warwickfhire^  which  is  ,  f 

beft  in  E^shni)  *en  the  Water  will  aa  on  jhe  Wb  j 
by  two  FoLs/ofe.  of  Impulfe  and  Wetgh  .  Tjl 
Impulfe  or  Stroke,  were  it  m  a  Tang 

tion  and  perpendicular  to  the  Sides  of  ^  . 

Zi’ld  Ee  eVal  ,0  ..6  /i.  (by  4-)  Butfince 


209 


Mechanics. 

runs  fonie  Diftance  in  a  Trough  before  it  comes  to  the 
Wheel,  and  the  Buckets  are  placed  not  at  Right  Angles, 
but  nearly  at  the  Angle  of  45  Degrees  with  the  Cir-  , 
cumference  of  the  Wheel,  and  fo  the  Water  muft 
ftrike  them  very  obliquely  ;  I  fay,  on  thefe  Accounts 
we  muft  abate  more  than  one  half  of  the  Force  of  Wa¬ 
ter,  and  may  take  about  50  lb.  for  a  Medium. 

10.  The  Weight  of  the  Water  is  more  or  lefs  in 
twelve  or  thirteen  of  thefe  Buckets  on  the  Fore-part  of 
the  Wheel,  but  moft  of  all  on  that  Bucket  at  the  End 
of  the  horizontal  Diameter,  becaufe  there  no  Part  of  the 
Water  refts  upon  the  Perimiter  of  the  Wheel  or  Sides  of 
the  Bucket,  but  gravitates  with  its  whole  Weight  in  a 
Tangent  to  that  Part  of  the  Wheel.  What  that 
Weight  in  that  Bucket  is,  may  be  thus  found.  It 
was  fhewn  that  when  the  Engine  is  in  the  greateft  Per- 
fcdlion,  the  Velocity  of  the  Wheel  ought  to  be  equal 
to  y  of  that  of  the  Water.  (See  Annotat.  XL.  6.)  Now 
fince  the  Diameter  is  16  Feet^  the  Circumference  will 
be  50,3  ;  and  the  Velocity  of  Water  being  1320  Feet 
per  Second,  |  of  that  is  440,  which  divided  by  the 
Circumference  gives  8/^  Revolutions  of  the  Wheel  in 
a  Minute.  The  Aperture  of  the  Sluice  gives  2022 
Gallons  Minute,  which  divided  by  8,7  gives  232,4 
Gallons,  which  again  divided  by  30,  (the  Number  of 
Buckets)  is  7,7  Gallons  for  a  Bucket. 

11.  Now  a  Gallon  of  Water  weighs  10,2  lb.  (for 
1728  :  62,5  ::  282  :  10,2)  ;  therefore  7,7  X  10,2 
781  lb.  for  the  Weight  of  Water  in  each  Bucket.  But 
as  Part  of  this  Water  runs  out  of  the  Buckets  in  the 
lower  Quarter  of  the  Wheel,  and  what  remains  gravi¬ 
tates  in  various  Degrees  of  Obliquity  to  the  Radii  of  the 
Wheel,  as  does  all  the  Water  in  the  full  Buckets  a- 
bove  the  horizontal  one,  w'e  muft  allow  for  the  total 
Weight  about  450  ib.  (as  will  be  found  near  the  Truth 
by  Calculation)  to  which  if  we  add  the  50  lb.  for  Im- 
pulfe,  the  whole  Force  of  the  Water  on  the  Wheel  will 
be  500  lb. 

12.  If  the  Cog-Wheel  be  3,5  Feet  Radius,  or  7 

Feet  Diameter  (as  in  the  Mill  above  mention’d)  then, 
as  7  :  16  ::  500  lb.  ;  1143  —  the  Force  of  the  Cogs 

to  turn  the  Wallower  or  Trundle,  which  Force  is  ap-  j  '11 

plied  to  overcome  the  Refiftance  arifing  from  the 

VoL.  I.  P  Weight 


M  E  C  H  A  N  ICS. 

Weight  of  the  Stone,  the  Friaion  of  the  Geer  in  gene^ 
ral,  and  the  great  Friaion  of  the  Stones  and  Corn  in 

Suppofe  the  Diameter  of  the  Trundle  1,5  Foot, 
or  iS  Inches,  and  that  of  the  upper  Stone  6  Feet;  then 
as6;  1 143  ;  285,7 /A  =  the  Force  at  the  Periphe¬ 

ry  of  the  Stone.  If  there  be  48  Cogs  in  the  Cog-Wheel, 

^  48  _  _ 

and  nine  Rounds  in  the  Trundle,  then  5’33 

the  Turns  or  Revolutions  of  the  T rundle  for  one  of  the 
Water-Wheel ;  wherefore  fmce  the  Wheel  makes  8,7 
in  a  Minute,  the  Trundle,  and  of  courfe  the  St^e, 
will  make  (8,7X5,33=)  46!:  Turns  in  a  Minute.  The 
Circumference  of  the  Stone  is  18,84  Feet  ;  whence 
t8  84.Xd6  crrSyb  FeetS^r  Minute,  for  the  V elocity 

of  the  Stone’s  Periphery.  _  n  u-  v  ^ 

14.  Suppofe  the  Stone  contain  22,5  Cubic  reet,  or 
itsWeieht  iq\i  lb.  then  the  mean  F docity  of  the  Stonebe- 
in<r  that  Point  of  the  Radius  4  of  its  Length, confequently 
-  Sf  the  Velocity  876  at  the  Periphery,  vi%.  584,  will 
he  the  mean  Velocity  of  the  Stone,  which  multiplied 
by  1012,  viz.  1912X584=1116608/^  would  bethe 
Expreffion  of  the  Momentum  of  the  Stone  per  Minute, 
were  it  to  prefs  upon  the  Corn  with  its  whole  Weight, 
which  it  does  not ;  for  nearly  the  whole  Weight  being 
fupported  by  the  Pivot  of  its  perpendicular  Spindle,  a  ve¬ 
ry  fm  all  Part  thereof  is  concerned  in  the  Triture  of  the 
Corn,  for  that  is  principally  efFeaed  by  the  violent  Ro¬ 
tation  of  the  Stone  producing  a  Centrifugal  Force. 

1 5  This  circular  Motion  of  the  Stone  brings  the 
Corn  out  of  the  Hopper  by  Jerks,  and  caufes  it  to  re¬ 
cede  from  the  Centre  to  the  Circumference  m  a  fpecial 
Manner;  the  Corn,  while  whole,  caufing  the  Stone 
to  rife  a  little  higher  above  the  fix’d  Stone  than  it  would 
otherwife  do,  begins  to  be  crufhed  by  the  Weight  of 
the  Stone  gently  preffing  upon  it,  and  the  more  fo,  as 
it  approaches  the  Circumference,  where  being  quite  re¬ 
duced  to  Flour,  it  is  thrown  out  of  the  Mill  by  t^he 
C'entrifugal  Force  of  the  Stone  through  a  Hole  for  that 

^^*'1  5!  When  I  fay,  the  Stone  prejfes  gently ,  ^  and  but ^ 

with  a  very  /mail  tart  of  its  Weight  cn  the  Corn,  it  is 

imnhed. 
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Implied,  that  the  Piece  of  Wood  which  fupports  the 
Stone  on  the  Pivot  of  its  Spindle  mufi:  be  fomewhat  ela- 
tiic  or  fpringy,  in  order  to  admit  of  an  eafy  and  fmall 
Degree  of  Motion  upwards  and  downwards,  as  the 
Stone  is  more  or  lefs  refifted  by  the  Grains  of  Corn,  by 
which  Means  the  Surfaces  of  the  two  Stones  will  have 
always  a  varying  Diftance,  and  fo  be  adapted  for  Tri¬ 
turation  and  Comminution  of  the  Corn  in  anyDegreej 
whereas,  if  the  fupporting  Piece  were  perfetSfly  rigid  or 
fix  d,  the  Stones  muft  always  be  at  an  equal  Diftance, 
and  thehlour  very  coarfe,  becaufe  it  can’t  be  affefted  by 
the  upper  Stone  after  the  whole  Grain  has  receiv’d  its  firft 
Impreffion,  or  fufFer’d  its  firft  Comminution.  And  the 
j  nicer  this  Point  of  Support  is  adjufted,  fo  much  the 
j;  more  nice  and  exadb  will  be  the  W^ork  done  by  the 
Mill,  or  fo  much  the  better  will  the  Flour  be  that  is 
produced  thereby. 

!  17.  As  the  Water  adFs  upon  an  Overjhct-Mill  both 

by  Impulfe  and  W^eight,  fo  does  it  likewife  on  a  Breaji~ 

1  Milly  or  that  where  the  Water  comes  upon  the  Breaft 
or  rniddle  Part  of  the  Wheel ;  and  here,  though  the 
i  Weight  of  the  W^ater  on  the  Wheel  is  not  fo  great  as 
!  before,  being  contain’d  in  the  Buckets  of  the  lower 
Q^iarter  only,  yet  the  Impulfe  of  the  Water  is  much 
^  greater,  the  Height  of  the  Water  being  increafed  near- 
-  ly  the  Semidiameter  of  the  Great- Wheel,  all  othep 
Things  being  equal. 

i8.  If  the  Height  of  the  Water  remains  the  fame, 
the  Aperture  of  the  Pen-flock  muft  be  enlarged  to 
nearly  twice  the  Area,  .that  the  Force  of  Water 
1  may  be  the  fame  ;  and  in  this  Cafe  there  will  be  twice 
the  Expence  of  Water  as  before  ;  fo  that  as  much 
I  more  Water  is  neceflary  for  a  Breaft-Mill  than  for  an 
i  Overftiot  one,  every  Thing  elfe  being  the  fame. 

.  19.  Since  the  Spout  of  Water  is  in  the  Curve  of  a 

j  Parabola,  the  Orifice  through  which  it  iflues  fhould 
:  not  be  juft  againft  the  Middle  of  the  Wheel,  for  then, 

■'  if  it  were  very  near  the  Wheel,  great  Part  of  theForce 
i  would  be  fpent  in  ftriking  the  W  heel  direclly  againft: 

I  its  Axis,  and  fo  would  make  the  Motion  round  more 
I,  difficult ;  and  if  it  were  not  very  near  the  Wheel,  the 
(  Spout  would  reach  only  fome  of  the  lower  Buckets, 

and 
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PI.  III. 


Fig.  I. 


Fig.  2. 


and  none  ’’go  to  thofe  on  the  Mid^e,  where  the 
Effea  would  be  rather  greater.  Therefore  the 
Orifice  of  the  Pen-ftock  ought  to  be  fituated  fome 
little  Height  above  the  Middle  or  Horizontal  Diame¬ 
ter  of  the  Wheel.  .  ,  *  a 

20.  In  order  that  the  Water  may  have  the  greatelt 

EffetSl  on  the  Wheel,  Dr.  Bcirker  has  conftrudted  it 
with  24  Ladle  Boards,  (inftead  of  Buckets)  of  i8  In¬ 
ches  Square ;  thefe  Ladle-Boards  pafs  through  a  qua- 
drantal  Channel  of  the  fame  Dimenfions  o'"  ^ 

little  more  than  i8  Inches  fquare,  that  the  Motion  may 
be  free.  The  Water  entering  on  the  Top  ot  mis 
Channel  is  kept  wholly  on  the  Boards,_  till  it  comes  to 
the  Bottom,  where  it  goes  ofF  without  interrupting  the 
Motion  of  the  Wheel.  The  Contrivance  is  very  ufe- 
ful,  and  may  be  eafily  apprehended  by  the_  Scheme, 
where  A  D  B  E  reprefents  the  Wheel  with  its  Ladle- 
Boards,  C  the  Axis,  F  the  Jet  or  fpoutmg  Water, 
GHl  the  fquareChannel  or  Trough  m  which  the  Ladle- 
Boards  with  the  Water  defcend  to  I,  where  the  Water 

is  difcharged  from  the  Wheel.  ^  ,  c  i  P 

21  In  FiV.  2.  you  have  a  Sedlion  of  the  Sole  or  re- 
rimeter  of  the  Wheel,  and  the  Channel  with  the  Ladle- 
Boards  in  it ;  thus  abcdxs  the  Sole  of  the  Wheel,/^Ar 
is  the  Seaion  of  the  Channel  open  on  the  Part  next  the 
Wheel  by  a  narrow  Slit,  in  which  e  k  is  the  Part  call  d 
the  Tongue,  which  projeas  from  the  Sole  to  fill  up  that 
Slit  that  the  Water  may  not  run  through  it  ;  I  mno 
is  one  of  the  Ladle- Boards  put  on  upon  the  Supporter 
pq,  which  goes  through  the  Tongue  and  Sole  of  the 
Wheel,  with  a  Hole  behind  at  y,  through  which  a 
Key  or  Wedge,  like  a  Piece  of  Wood,  being  driven, 
faftens  it  with  the  Board  totheWheel.  Thus  you  fee  by 
this  Means  how  great  the  Force  of  the  Water  muft  be  ■ 
on  the  Wheel,  and  how  much  lefs  will  fuffice  here  than 
in  the  common  Way. 

z2.  As  to  an  Underjh  t  Wheel,  tis  evident  there  can 
be  only  the  Force  of  the  Impulfe  from  the  Water  on 
fuch  a  Wheel  ;  and  therefore  the  Height  of  Water  re¬ 
maining  the  fame,  there  muft  be  a  larger  Aperture  of 
the  Pen-ftock,  that  fo  a  greater  Quantity  of  Water 
may  come  upon  the  Float-Boards  in  the  fame  1  itne. 
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to  have  an  equal  Momenttm,  or  to  produce  the  fame 
Eftecl  as  in  the  OverJlM  or  BreaJi-TVhed.  Whence 
a  greater  Expence  of  Water  will  be  made  here,  than  in 
any  other  Sort  of  Mill,  and  can  only  be  fupplied  for  a 
Conftancy  by  a  River  ;  and  where  there  is  not  a  Want 
of  Water,  this  is  the  eafieft,  cheapeft,  and  moft  fim- 
ple  Strudure  a  Mill  is  capable  of. 

23.  In  this  Cafe,  the  Float-Boards  are  to  be  placed 
perpendicular  to  the  Sole  or  Periphery  of  the  ,Wheel, 
becaufe  when  they  come  into  a  vertical  Pofition  at  the 
Bottom  or  loweft  Part  of  the  Wheel,  they  will  then  re¬ 
ceive  the  horizontal  Impetus  of  the  Water  direflly,  and 
therefore  with  the  greateft  Force.  If  tbe  Water- 
Courfe  be  fufficient  to  cover  the  Float-Boards,  that  is 
enough  ;  all  that  is  more,  runs  wafte,  either  by  the 
Sides  or  under  the  Floats,  or  both. 

24.  Let  XYZ  be  an  Underlhot- Wheel,  and  HC  p]^  XlII 
the  Water  coming  upon  it  in  the  Diredion  HC.  Now  pio-.  q. 
if  there  were  fo  few  Float  Boards,  that  when  one,  as  ° 

DE,  became  vertical,  the  next  on  each  Side  IK,  f,M, 
fhould  but  juft  touch  the  Surface  of  the  current  Water, 

then  would  the  Water  ftrike  the  laid  Float-Board  IJE 
with  all  its  Force.  But  when  the  two  Floats  K  and  E 
come  into  the  Situation  C  and  G,  then  will  the  Water 
ftrike  but  a  Part  of  the  Float  C,  viz.  BC,  and  that  too 
obliquely,  which  is  to  be  eftimated  by  A  C,  the  Sine 
of  the  Angle  of  Incidence  ;  and  fmce  we  fuppofe  the 
Sedion  of  the  Water  equal  to  the  Area  of  a  Float- 
Board,  ’tis  plain  the  Float  C  will  incercept  the  Water 
from  the  Float  G,  fo  that  none  can  ftrike  it ;  and  there¬ 
fore  the  Force  of  Water  will  be  every  where  lefs  than 
upon  the  Float-Board  in  the  Site  DE.  So  that 
the  Force  upon  the  Wheel  will  always  be  fluduatlng 
between  AC  and  DE,  which  will  be  the  two  Extremes. 

25.  If  the  Float-Boards  are  fo  many,  that  while  one 
is  Vertical  as  D£,  others  on  each  Side,  as  C  and  G, 
are  alfo  partly  in  the  Water-way  ;  then  in  this  Cafe  it 
is  beft  to  have  the  Stream  of  Water  larger  than  the 
Floats,  that  fome  may  run  befide,  and  fill  up  the  Space 
between,  that  fo  the  Floats  C,  E,  G,  may  all  be  im- 
pell’d  at  once  ;  for  the  Back-Water,  here,  having  a 
greater  Velocity  than  that  of  the  Wheel,  will  ftill  keep 
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the  Float  G  forward ;  and  though  it  be  an  oblique  Forctf*  ^ 
it  will  always  avail  fomething  fo  long  as  it  touches  the 
Float  j  and  cannot  be  efteem’d  a  Negative  Quantityj  | 
•as  fonie  have  afferted.  _  i 

26.  Since  many  may  be  curi>  us  to  know  how  the 
Force  of  Impulfe  and  Gravity  of  the  Water  in  the  Buc- 
kets  of  an  Overjhoi-Wheel  is  to  be  computed  or  eftimated  ,| 
to  a  Mathematical  Exa^nefs,  I  fhall  here  give  the 
Method,  and  illuftrate  it  by  a  Scheme.  Let  ABC,  fsfc. 
be  the  Buckets  of  an  Overihot-Wheel,  (having  twen-  ^ 
ty-four  in  all)  inclined  to  the  Periphery  in  an  Angle  of  '  . 
forty -five  Degrees  ■.  Thofe  with  Dots  or  Points  re- 
prefent  the  Buckets  with  the  different  Qiiantities  of  ,| 
Water  they  contain,  among  which  the  largeft  Dots  in 
the  Middle  reprefent  the  Centres  of  Gravity  of  the  fe- 
veral  Bodies  of  Water.  Nowfuppofe  the  \Vater  comes 
upon  the  uppermoft  Bucket  A  in  the  horizontal  Direc¬ 
tion  XA,  though  by  its  Cuivature  at  entering  ^thc 
Bucket  it  cannot  ffrike  the  Side  of  the  Bucket  direcUy, 
vet,  fince  the  Side  of  the  Bucket  obftruas  and  fuftains 
the  faid  whole  horizontal  percuffive  Force,  and  that 
under  an  Inclination  of  forty-five  Degrees,  we  may  con¬ 
clude  that  half  that  percuffive  Force  is  fpent  in  turning 
about  the  Wheel.  , 

27.  As  to  the  Force  arifmg  from  every  defeendmg 

Bucket  of  Water,  it  may  be  eafily  determined  by  find-  ,| 
ing  the  Bulk  of  the  Water  in  each  Bucket,  and  multi-  , 
plying  that  into  the  petpendicular  Difiance  of  the^Line  ' 
of  Direction  of  the  Centre  of  Gravity  from  the  Centre  j 
of  Motion.  Hence,  with  refpeft  to  the  firff  Bucket  j 
A,  fince  its  Centre  of  Gravity  ads  in  the  Dirediion  \ 
VN,  that  is,  perpendicularly  on  the  Centre  of  Motion,  J 
that  Produdf,  or  the  VV eight  of  that  Bucket  of  Water,  • 
Will  avail  nothing  to  move  the  Wheel  round,  as  being  (• 
wholly  fupported  on  the  Axis  of  Motion.  _  J 

28.  But  the  Water  in  the  feyond  Bucket  B  giavltat-  • 
ing  in  the  iDiredion  RO,  at  the  perpendicular  Diftance  ‘1 
N  O  from  the  Centre,  if  we  multiply  its  Mai's  or  j 
Weitrht  into  the  Diftance  NO,  we  fhall  have  its  Mo-  i 
vuntum  or  Force  to  move  the  Wheel  ;  and  fo  of  any  j 
other.  Here  we  may  obferve,  that  as  the  W ater  in  the  : 
Buckets  decreafes,  the  Diftances  increafe  from  the 
Centre,  in  the  u  'per  defceiiding  Qiiadrant  j  and  fince 
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the  Diftances  increafe  much  fafter  than  the  Quantities 
decreafe,  the  Forces  will  increafe  till  we' come  to  the 
horizontal  Bucket  F,  which  is  half  full  of  Water ;  from 
thence  it  decreafes  to  the  Bucket  I,  where  all  the  Water 
runs  out,  as  being  parallel  withj  the  Horizon,  or  Dia- 
I  meter  KM.  And  hence  we  fee  four  Buckets  on  the 
lower  defcending  Quadrant  carry  no  Water,  when  they 
are  inclined  to  an  Angle  of  45  Degrees. 

29.  I  fhall  here  fubjpin  a  Specimen  of  the  Computa¬ 
tion,  fuppofing  the  Wheeb  and  Buckets  fuch  as  in 
the  Scheme,  and  the  Quantities  of  Water,  and  Di- 
!  fiances  of  their  Centres  of  Gravity,  the  fame  as  in  the 
Table  below. 


Water  in 

Diftances  from  Momenta  of 

the  Bucket. 

the  Centre  N.  each  Bucket. 

A  =  1,00 

X  0  rz  0,00 

B  =  0,9 

X  NO  =  0,3  rr  0,27 

C  r:  0,8 

X  NP  =  0,6  ar  0,48 

D  =  0,7 

X  NQ_=  0,85  =  0,595 

E  0,6 

X  NL  =  0,95  =  0,57 

F  =  0,5 

X  NM  ra  1,00  =  0,5 

G  =  0,4 

X  NM  0=  1,00  =:  0,4 

H  =  0,2 

X  NL  =  0,95  =  0,19 

1, 

.1: 

it 


The  Total  of  all  the  Buckets  rr:  3,005 
That  is,  the  Momentmi  of  Water  in  all  the  Buckets  is 
equal  to  the  Momentum  of  three  Times  theWater  con¬ 
tained  in  the  Bucket  A,  and  hanging  at  the  End  of 
the  horizontal  Diameter  KM, 

30.  I  fhall  conclude  this  Theory  of  Water-Mills^ 
with  a  Defcription  of  Dr.  Barker  %  new-invented  Mill, 
of  the  moft  fimple  Structure  of  any  yet  made,  perform¬ 
ing  its  EfFedl  without  any  Wheel,  Trundle,  Cog,  or 
Round ;  the  Nature  of  the  Machine,  and  Manner  of 
its  Operation,  will  be  eafy  to  underftand  from  the  fol¬ 
lowing  Account  of  its  feveral  Parts. 

31.  ABCD  is  an  upright  Frame  Handing  on  a  pro¬ 
per  Bafe  ;  EF  is  the  wider  Part  of  GH  an  upright  hol¬ 
low  Pipe  or  Tube,  fix’d  at  the  Bottom  to  an  horizontal 
Square  Trunk  IK ;  which  Trunk,  together  with  the 
Tube,  is  fix’d  to  an  upright  Spindle  or  Axis  RS,  by 
means  of  a  Nut  and  Screw  at  S.  The  lower  End  of 
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the  Axis  on  a  fine  Point  moves  in  the  Pivot  Hole  in  the  i 

Part  of  the  Frame  at  T  ;  on  the  upper  Part  of  the  :  i 

Frame  is  a  Hole  thro’  which  the  Spindle  pafles,  as  alfo  1| 
thro’  the  round  circular  Piece  P  fix’d  on  the  faid  Frame  ;  *1 

on  the  upper  Part  of  the  Spindle  is  fix’d  another  round 
circular  Piece  O,  which  reprefents  the  upper  move-  ^ 
able  Stone  of  the  Mill.  Q_  is  a  Spout  of  Water  filling  ' 
the  Tube  or  Trunk,  and  giving  Motion  thereto,  and  i| 
confequently  to  the  Axis  and  upper  Stone,  by  the  hori-  H 
zontal  Jets  of  Water  from  each  End  of  the  Trunk  IK, 
thro’  Holes  made  at  each  End  on  contrary  Sides.  '| 

32.  While  the  Holes  continue  flopp’d,  the  Trunk 
will  be  at  refl,  becaufe  then  the  Preflure  is  equal  over  J| 
all  the  Parts  :  but  when  the  Holes  are  open,  the  Pref- 
fure  of  the  Water  (by  its  having  Liberty  t>  ifllie  out ) 
will  be  lefs  on  that  Part  where  the  Hole  is,  than  on 
the  other  Part  oppofite  to  it ;  which  ftronger  Preflure  ' 
will  prevail,  and  carry  round  the  Trunk  and  Tube 
with  the  Axle  and  Stone,  in  a  contrary  Direedon  ;  and 
each  Hole  contributes  to  produce  this  Motion,  which  '! 
will  be  greater  or  lefler  in  proportion  to  the  homenta 
of  the  Jets  of  Water,  or  greater  or  leflfer  Aperture  of 
the  Hoi  es. 

33.  For  ’tis  eafy  to  underftand,  that  the  Power  of 
this  Machine  is  derived  from,  depends  upon,  three  ' 
Things:  (i.)  The  Velocity  of  the  Spouting  Water  ; 
(2.)  The  Quantity  thereof  ;  and  (3.)  The  Diflance  at  ' 
which  the  Water  fpouts  from  tl'.e  Axis  of  Motion,  The  ^ 
two  firft  make  the  Momentum  -arifing  from  the  PrelTure 
of  the  Fluid,  which  is  proportional  to  the  Altitude,  or  H 
Height  of  the  Tube  ;  the  laif  is  of  a  Mechanical  Na-  ' 
ture,  for  the  Trunk  is  in  this  refpeH  exadlly  of  the  Na- 
ture  of  the  Lever. 

34.  In  the  Ledlurc  of  Hydroftatics  it  will  be  fhewn,  ij 
that  the  Velocity  of  the  Spouting  Fluid  will  be  as  the 
Square  Root  of  the  Altitude  of  the.Fluid  ;  whence  this  il 
Part  of  the  Force  will  be  in  ;he  Subduplicaic  Ratio  of  the  i| 
H'ight  if  the  Tube.  The  Quantity  of  the  Spouting  ■ 
Fluid  will  be  alio  in  the  iarne  Ratio,  while  the  A  per.  I| 
tures  are  the  fame  ;  but  if  thele  vary  their  Magnitude,  1 
it  will  be  dircHly  as  the  Aperture,  the  Altitudes  being  1 
given.  1  herefore  the  whole  Momentum  arifing  from  ( 
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thefe  hydroftatical  Principles  will  be  (js  the  Altitude  cf  the 
Tube,  and  Sum  of  the  Apertures  conjointly  ;  and  if  this 
be  multiplied  by  the  Diftance  of  the  Aperture  from  the 
Centre  or  Axis,  we  lhall  have  the  Expreffion  of  the 
whole  Force  of  the  Machine. 

35.  That  is,  if  H  =:  the  Height  of  the  Fluid,  K~ 
Sum  of  both  the  Apertures,  and  D  ~  Diftance  of  each 
from  the  Axis  ;  then  we  fhall  have  the  Momentum  M 
exprefted  by  M  ra  HX  AXD.  Hence  we  fee  that  the 
Trunk  IK  is  analogous  to  the  great  Wheel  of  a  c  m- 
mon  Water-Mill,  whofe  Force  is  in  the  fame  Manner 
computed  from  the  Height  of  the  Fluid  H,  the  Aperture 
of  the  Sluice  A,  and  the  Diftance  or  Radius  of  the 
Wheel  D. 

36.  For  both  in  the  common  Mill  and  this,  if  the 
Aperture  A  and  Diftance  D  from  the  Centre  be  the 
fame,  the  Force  of  the  Jet  will  vary  with  the  Height 
of  the  Fluid  H.  Alfo  if  the  Height  of  the  Fluid  H  and 
Length  of  the  Trunk  or  Diameter  of  the  Wheel  D  re¬ 
main  the  fiime,  the  Forco  will  be  as  the  Aperture  A,  or 
as  the  Quantity  of  the  Fluid  flowing  out  in  a  given 
Time.  Laftly,  if  the  Height  ot  the  Fluid  H,  and  the 
Aperlure  A  continue  the  fame,  the  Force  will  be  as 
the  Diameter  D  of  the  Wheel,  or  Length  of  the  Trunk 
of  this  new  Mill. 

37.  I  ftiall  now  give  a  Calculation  of  the  Power  of 
this  Machine  ;  and  in  the  firft  Place,  let  us  fuppofe  the 
Height  of  the  7'ube  to  be  9  Feet,  and  always  full  of 
Water ;  the  Velocity  of  the  Spouting  Water  will  be  the 
fame  that  a  Body  will  acquire  in  falling  9  Feet,  viz. 
an  uniform  Velocity  of  18  Feet  in  the  Time  of  the  Fall 'y 

which  Time  is  thus  found,  as  16  :  o  ::  T  :  ~  —  the 

Square  of  the  Time,  whofe  Square  Root  is  |,  that  is, 
I  of  a  Second.  Therefore  fay,  as  |  ;  18  ::  i  :  24  ;  the 
uniform  Velocity  is  at  the  Rate  of  24  Feet  Second, 
in  the  Spouting  Water,  from  9  Feet  Altitude. 

38.  Let  the  Aperture  at  each  End  of  the  Trunk  be 
6  Inches  Square,  then  in  both  there  will  be  72  fquare 
Inches,  or  half  a  fquare  P'oot  in  Area.  The  Water  if- 
fuing  out  in  a  Second  at  both  Orifices  will  be  equal  to 
a  Column  24  Feet  long,  and  4  a  Square  Foot  in  Bafe  ; 
therefore  the  whole  Water  will  be  equal  to  12  Cu- 
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bic  Feet.  The  Weight  of  one  Cubic  Foot  is  62’-  lb-, 
wherefore  62  ^  X  121=750  lb.  is  the  Force  ading  on  )[ 

the  Trunk,  fiippofing  the  Depth  of  Water  only  one  .li 

Foot ",  but  fince  it  is  at  the  Depth  of  9  Feet,  we  have  I 

9X750  — 6750  lb.  acting  upon  the  extreme  Parts  of  ;| 

the  Trunk  per  Second.  j| 

39.  Let  us  now  fuppofe  the  Length  of  the  Trunk  to 

be  6  Feet;  then  the  Motion  is  made  by  a  Power  of  l| 
6750  lb.  adfing  at  the  End  of  a  Lever  three  Feet  long  ;  fl 
confequently  6750X3—20250  lb.  the  Momentum  of  the  ^ 
Wheel  Second. 

40.  Now  the  Velocity  of  the  Trunk  at  the  Orifices  |j 
will  be  the  fame  as  that  of  the  Water  nearly,  while  the 
Mill  is  not  charged  ;  but  that  of  the  V^ater  is  24  Feet  j 

Second,  and  the  Circumference  which  each  Orifice 
defcribes  is  18,84,  or  19  Feet  nearly  ;  therefore  the  j 
Trunk  turns  round  a  little  more  than  once  Second,  j 
But  when  the  Mill  is  charged  with  the  Stone,  Corn,  ' 
Cfc.  the  Velocity  will  not  then  be  fo  great;  and  we  ^ 
have  fliewn  {^Amot.  XL.  6.)  that  it  ought  not  to  be  a- 
bove  2  Part  of  that  of  the  Water,  viz,  at  the  Rate  of 
8  Feet  per  Second  ;  but  let  us  fuppofe  it  a  little  more,  'I 
viz.  9  y  Feet,  then  will  the  Trunk  move  round  once 
in  two  Seconds.  1 

41.  If  we  fuppofe  the  Stone  6  h  eet  in  Diameter,  its  I 
Velocity  in  the  Periphery  will  be  the  fame  with  that  of 
the  Trunk  ;  viz.  9  4  Feet  per  Second  ;  but  ^  of  this  is  t 
the  mean  Velocity  of  the  Stone,  which  is  therefore  but 

Feet  Second.  Suppofe  the  Weight  of  the  Stone  , 
1912  lb.  and  that  '  of  this  be  allowed  for  Fridlion,  viz.  ‘ 
637  lb.  then  6,3  x  637  =  4015  lb.  the  Moment  of  the  ^ 
Stone  by  its  Refiftance  arifing  from  4  of  its  Weight ; 
but  this  is  only  when  the  Stone  isfirft  put  into  Motion  ; 
after  it  is  in  Motion,  this  Momentum  is  greatly  leifen’d  . 
by  the  Centrifugal  Forces  ;  and  therefore  if  we  allow  ^ 
4000  lb.  ior  the  ariling  from  the  Weight  of 

the  Stone,  Attrition  of  the  Corn,  isc.  it  will  be  but  4 
Part  of  the  Momentum  of  the  Trunk  or  Mill,  which  we 
flrewed  was  20250  lb. 

42.  Here  we  havefuppofed  the  Mill  to  carry  thelar- 
geft  Stone  that  is  ufed  in  any  Mill,  and  that  the  f’ower 
of  the  Mill  is  five  times  greater  than  the  Refiftance  to  i 

be  ■; 
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I  N  WIND-MILLS  the  Mechanlfm  Is 
:j  the  fame,  only  the  Vanes  or  Sails  are  to 
be  confider’d  as  a  Wheel  on  the  Axle^  a6lu- 
[  j  ated  by  the  Power. of  the  Wind.  In  this 
'  ‘  Machine  we  have  only  to  confider  the  ?o- 
fition  of  the  Sails,  and  the  Power  of  the 
'  Wind.  As  to  the  former,  if  the  Sails 
■  (land  right  before  the  Wind,  it  cannot  af- 
;  fecf  them  at  all ;  if  they  hand  diredl  to  the 

tl  be  overcome  ;  the  Quantity  of  Water  therefore  In  the 
Ij  Jets  may  be  diminifli’d  a  Fifth  Part,  and  conf'equently 
jii  the  Apertures  j  which  therefore,  inftead  of  being  72 
Square  Inches,  need  be  only  15  or  16.  If  therefore  at 
^  each  End  of  the  Trunk  there  be  an  Aperture  of  four 
1  Inches  long  and  two  wide,  the  Jets  from  the  Altitude 
o|  of  nine  Feet,  at  three  Feet  from  the  Axis,  will  have  a 
I’l  ,  Momentum  fufficient  for  turning  the  largeft  Stones. 

43.  I  fhall  only  obferve  further,  that  there  are  ma- 
i  ny  mechanical  Purpofes  to  which  this  Invention  might 
'*  ,  be  made  fubfervient,  as  it  has  fo  great  a  Power  of  Mo¬ 
tion  in  fo  eafy  and  fimple  a  Struflure  ;  And  alfo,  that 
the  Water- W.heel  of  a  common  Mill,  if  placed  in  a 
1  horizontal  Situation,  and  the  Sluice  fo  ordered  as  to 
throw  a  Side-Jet  in  a  T angent-Diredlion  on  the  Laddie- 
I  Boards,  fuch  a  Wheel  would  be  in  the  fame  Circum- 
I  fiances  nearly  as  the  Trunk  of  this  New  Mill,  and 
therefore  might  be  made  to  anfvver  all  the  fame  Inten- 
I  tions,  and  capable  of  nearly  all  the  fame  Advantages, 
f  44.  I  need  not  obferve  to  the  Reader,  that  whatever 
Quantity  of  Water  is  expended  at  the  Jets,  as  that 
mull  be  fupplied  at  the  Top  or  Ciftern  of  the  Tube,  fo 
the  Stream  which  fupplies  it  muft  be  as  much  longer  than 
I  the  Jets,  as  its  Velocity  is  lefs  ;  becaufe  what  is  defici¬ 
ent  in  one  Refpecl  muft  be  made  up  in  the  other.  There 
I  are  feveral  other  Circumftancei  and  Particulars,  which 
may  deferve  to  be  coniider’d,  when  it  fliall  be  found 
to  anfwer  any  valuable  End,  beyond  that  of  mere  Spe-' 
culatio.n. 

'  ■  Wind, 
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Wind,  the  Mill  will  be  blown  down,  at 
lead:  the  Sails  can  have  no  Power  to  move 
round  j  they  muft  therefore  be  placed 


oblique  to  the  Wind,  and  that  under  an 
Angle  of  54  Degrees,  and  44  Minutes, 
for  the  greateft  Advantage  (XLVI.) 


(XLVI.)  The  internal  Parts  of  a  Wind-mill  are  the 
fame  with  thofe  of  a  Water-Mill  nearly,  of  which  I 
ftia  1  take  no  farther  Notice,  but  fhall  confine  myfelf 
to  the  Theory  of  the  Sails  in  regard  of  their  Pofition, 
Motion,  and  Figure, 

1.  In  regard  of  the  Pofition  of  the  Sails,  we  muft 
confider  that  if  rhey  are  placed  DireSl  to  the  Wind,  or 
at  Right  Angles  to  the  Axis  of  the  Mill,  they  will  re¬ 
ceive  the  whole  Force  of  the  Wind,  which  in  this 
Cafe  will  tend  to  blow  them  forward,  and  confequently' 
to  blow  down  the  Mill  j  which  Pofition  of  Courie  can¬ 
not  be  admitted. 

2.  If  the  Sails  are  fet  Right  to  the  Wind,  or  parallel 
with  the  Axis  of  the  Mill,  ’tis  plain  that  in  that  Pofi*  ■ 
tionthe  Wind  cannot  afl:  upon  them  at  all,  and  there¬ 
fore  they  cannot  be  turn’d  round,  nor  the  Mill  put  into 
Motion  i  which  Pofition  of  the  Sails  muft  likewife  be 
rejeifted. 

3.  Since  neither  the  DireSi  nor  Riglt  Pofition  of  the 
Sails  will  do,  an  Oblique  Pojition  muft,  as  there  can  be 
no  other.  Now  to  flrew  that  an  Oblique  Pofition  of 

*  PI.  XIIL  the  Sails  will  turn  the  Mill,  let  AB  be  the  Axis,  CD 
Fig.  6.  a  Sail,  and  its  Angle  of  Obliquity  {viz  that  which  it 
makes  with  the  Axis)  be  E  C  G  ;  then  if  G  C  be  the 
Force  of  the  Wind  in  the  Direft  Pofition  of  the  Sail, 
GE  will  be  the  Force  of  the  Wind  in  its  oblique  Pofi¬ 
tion  (as  being  the  Sine  of  the  Angle  of  Incidence  GCE). 
But  the  Force  GE  is  refolvable  into  two  otliers,  EF 
and  GF  ;  of  which  the  latter,  being  parallel  to  the 
Axis,  avails  nothing  in  turning  the  Sails  about  it;  but 
the  other,  EF,  being  perpendicular  thereto,  is  wholly 

fpent 
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fpent  in  compelling  the  Sail  to  turn  round  ;  which  was 
the  Thing  to  be  (hewn. 

4.  The  Force  of  the  Wind  on  the  Sail  will  be  as  the 
Square  of  the  Sine  of  Incidence,  or  as  G  E*  ;  for  the 
Force  of  each  Tingle  Particle  of  Air  will  be  as  the  Sine 
GE,  {by  Anno t.  XXIV.  6.)  and  it  will  be^alfoasthe 
Number  of  Particles  which  ftrike  it  at  the  fame  Time,  PI-  XIL 
which  Number  of  Particles  is  alfo  as  the  Sine  of  Inci-  Fig.  7. 
dence  GE.  For  let  CD  reprefent  the  Sedfion  of  the  Sail 

in  a  dlredl  Pofition,  and  CG  the  fame  in  an  oblique 
Pofition,  ’tis  plain  the  Number  of  Particles  flriking  it 
in  the  former  Cafe  will  be  to  the  Number  ftriking  it  in 
the  latter  as  CD  Co  CF,  which  is  equal  to  GE  the  Sine  , 

of  Incidence  j  for  all  the  Particles  between  AD  and 
BF  will  not  come  upon  the  Sail  in  the  Oblique  Pofiti¬ 
on  CG.  Since  then  the  Force  of  the  Wind  on  the  Sail 
is  on  two  Accounts  as  GE,  it  will  be  as  the  Scjuare  of 
the  faid  Line  GE. 

5.  If  we  fuppofe  the  Velocity  of  the  Wind  to  vary,  -  / 

the  Force  thereof  will  be  as  the  Square  of  the  Veloci¬ 
ty  ;  for  trie  greater  the  Velocity,  the  greater  will  be 

the  Stroke  of  each  Tingle  Particle,  and  alfo  the  greater 
will  be  the  Number  of  Particles  coming  upon  the  Sail 
in  the  fame  Time  ;  the  Force  will  be  therefore  as  the 
Squares  of  the  Velocity. 

6.  Again,  if  the  Area  of  the  Sail  be  variable,  the 
Force  of  the  Wind  will  be  diredly  as  the  Area  or  Su¬ 
perficies  of  the  Sail,  becaufe  the  Number  of  Particles  of 
the  Air  coming  upon  it  will  always  be  proportional  there¬ 
to,  and  confequently  the  Force  with  which  they  ftrike 
it.  Hence,  if  A,  S,  and  V  reprefent  the  Area,  Sine 
of  Incidence,  and  Velocity  of  the  Wind  on  one  Sail,  and 

r,  V,  thofe  on  another ;  the  Force  compelling  the 
former  to  turn  round  will  be  to  that  compelling  the  lat¬ 
ter,  as  AXS'^XV^  to  fiXr^Xt;’’. 

7.  When  the  Area  of  the  Sail  and  its  Pofition  in  re- 
fpedt  of  the  Wind  continue  the  fame,  the  Force  which 
turns  the  Sail  will  be  as  the  Squares  of  the  Velocity and 
Ttnce  the  Wind  fcarce  ever  blows  with  one  uniform  Ve¬ 
locity,  but  varies  with  almoft  every  Blaft,  the  Force 
upon  the  Sail  will  be  much  more  variable  and  unequal ; 
and  therefore  the  Adlion  or  Working  of  a  Wind-Mill 

cannot 
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cannot  be  fo  equal,  uniform,  and  fteady  as  that  of 
Water-Mill, whofe  Power  is  always  of  the  fame  Tenor, 
while  the  J et  of  Water  is  fo, 

8.  If  the  Area  of  the  Sail  and  the  Velocity  of  the 
Wind  be  luppofed  conllant,  the  Force  of  the  Wind  in 
the  Dired  Pofition  will  be  to  that  in  the  Oblique  one 
asGC  toGE^,  as  we  have  before  Ihewn ;  and  it  ha* 
been  alfofhewn  that  that  Part  of  the  Force  which  turns 
the  Sail  is  reprefented  by  EF,  when  GE  is  the  whole 
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Force ;  But  GE;  EF  (::  GC  :  CE)  ::  GE^ : CEXGE^ 

G  C  ^ 

=  to  the  Force  which  turns  the  Sail,  when  the  whole] 
Force  is  reprefented  by  GE^,  as  is  here  the  proper  Ex* 
preffion  of  it. 

CEX^^ 


9.  This  Expreffion - - — begins  from  Nothing, 

(j 


when  the  Angle  of  Lrcidence  begins  to  be  oblique,  and 
increafes  with,  the  Obliquity  of  the  faid  Angle  to  a  cer¬ 


tain  Number  of  Degrees  ;  becaufe  that  Part  of  the 


Force  which  is  parallel  to  the  Axis  becomes  lefler  in 
proportion  to  that  which  is  perpendicular  to  it  ;  but  af¬ 
ter  it  has  pafs’d  this  Limit,  it  again  decreafes,  and  be¬ 
comes  nothing,  when  the  Angle  of  Incidence  vanillies  ; 
as  is  eafy  to  underftand  by  confidering  that  the  Quanti¬ 
ty  of  Wind  on  the  Sail  does  in  this  Cafe  continually  de^ 
creafe. 

10.  There  is  therefore  one  certain  Pofition  of  the 
Sail,  in  which  the  P'orce  of  the  Wind  is  greateft  of  all 
upon  it,  or  a  Maximum ;  and  to  find  it,  put  Radius 
GC=:<7,  EC^^r,  and  we  have  GE*  =aa  —  xXf  and 

confequently  the  b  orce  — ywpr—  n - ,  which 


GC  - 

muft  be  a  Maxitninn  :  Therefore  its  Fluxion  aax  — 


'^xxx—o:,  whence  a  a  —  i  x  x^  and  fo 

3  : 

which  in  Logarithms  is  ^ 


957^^439*  which  is  the  Logarithm  Sine  of  the  Angle 
35“  lO'^Angle  CGE  j,.  and  therefore  the  Angle  ECQ 
.  is 


IS  equal  to  54^44',  when  the  Force  of  the  Wind  is  a 
Maximum.^  as  required. 

1 1.  The  Angle  now  found,  is  only  that  which  gives 
the  Wind  the  greateft  Force  to  put  the  Sail  in  Motion, 
but  not  the  Angle  which  gives  the  Force  of  the  Wind  a 
Maximum  upon  the  Sail  when  !n  Rdotion.  What  this 
Angle  is  Mr.  MacLaurin  has  fhewn  in  his  Book  of 
Fluxions,  and  which  I  have  farther  explained  in  a  Trea* 
tife,  intitled.  New  Principles  of  Geography  and  Na¬ 
vigation. 

1 2.  Mr.  Parent  has  alfo  (hewn  that  an  Elliptic  Form 
of  the  Sails  is  better  than  the  Parallelogram  or  long 
Square  ;  and  that  the  beft  Pofition  of  the  Sail  is  not  that 
which  is  common,  viz.  with  its  longed:  Side  or  Dia¬ 
meter  parallel  to  the  Axis  of  the  Sail  j  but  on  the  con¬ 
trary,  it  ought  to  be  perpendicular  to  it ;  that  is,  they 
ought  to  be  of  fuch  a  Form,  and  placed  in  fuch  a  Man¬ 
ner,  as  reprefented  in  the  Figure ;  and  after  the  four 
Sails  B,  C,  D,  E,  are  thus  placed  in  the  Axis  or  Arm 

A,  they  are  then  to  be  turn’d  about,  and  fix’d  under  the  .  ^ 

proper  Angle  of  Obliquity  above-merition’d. 

13.  There  are  three  1'hings  yet  wanting  to  the  Per-  9’ 
fe£fion  of  a  Wind-mill.  The  Firji  is,  fome  Contri¬ 
vance  in  the  Nature  of  a  Fly  to  regulate  the  Motion  of 

the  Train,  under  the  irregular  and  unequal  Impulfe  of 
the  Wind.  The  Second  is,  fome  other  Contrivance  to 
fupply  the  Hopper  or  Stones  with  more  or  lefs  Corn,  in 
Proportion  to  the  greater  or  lefs  Strength  of  the  Wind. 

And,  Thirdly,  a  Method  of  altering  the  Angle  of  the 
Sail’s  Obliquity  from  its  Maximum  of  54‘^44''  at  the  Be¬ 
ginning  of  the  Motion  to  its  Adaximum  when  in  Mo¬ 
tion. 

14.  By  means  of  an  Anemofcope  (hereafter  to  be  de- 
fcribedj  it  will  be  eafy  to  prove  by  Experiment  what 
Form  of  the  Sails,  that  Is,  whether  Redangular  or  El¬ 
liptical,  whether  the  Vertical  or  Horizontal  Pofition  of 
the  longed:  Diameter,  and  what  Angle  of  Obliquity  is 
beft  ;  alfo  whether  the  Surface  of  the  Sails  fhould  be 
plain  or  concave,  with  many  other  Things  of  this  Kind. 

But  this  mud:  be  done  by  as  many  particular  Anemo- 
fcopes,  or  in  other  Words,  you  mud:  have  an  Anemo¬ 
fcope  for  every  particular  Experiment,  and  all  difpofed 
together  in  one  common  Frame  ;  the  Reafon  is  evident, 

becaufe 
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becaufe  they  all  require  the  fame  Strength  of  Wind,  ( 

which  cannot  otherwife  be  had.  i. 

15.  That  thefe  Things  may  be  better  unclerftood,  I  ; 
(hall  premife  the  following  Definition  of  fome  Geome-  j 
trical  Lines  and  Figures,  which  are  abfolutely  necelTary  i 
to  a  compleat  Knowledge  of  the  modern  Mechanical 

Philofophy.  )| 

Plate IX.  16.  I  take  it  for  granted,  that  the  Reader  knows,  ' 
Fig.  6.  that  if  on  any  Point  C,  taken  in  the  Right  Line  A  B,  ,.1 
a  Circle  A  D  E  F  be  defcribed,  the  Point  C  is  call’d  I 
the  Centre,  and  A  E  the  Diameter  of  the  Circle  :  To  .  i 
which  i  (hall  add,  that  AC,  or  C  E,  is  call’d  the  Ra- 
dius  of  the  Circle,  which  is  the  fame  thing  as  the  Se~  ' 

mi  diameter.  d 

17.  If  the  Circle  be  divided  into  four  equal  Parts,  ■ 
— EF=FA,  by  the  tv/o  Diameters  AE,  DF ;  ' 
then  each  of  the  Areas  ACD,  DCE,  EC^FCA, 
are  call’d  Quadrants,  or  Quarters  of  the  chcular  Space;  j: 
and  the  Parts  of  the  Circle  A  D,  D  E,  E  F,  F  A, 
are  call’d  ^tadrantal  Arches,  or  Quarters  of  the  Circle.^  ,■ 
•pv  7  18.  Every  Circle,  great  or  fmall,  is  fuppofed  to  be  di- 

*=’■  ''  vided  into  360  equal  Parts,  caltd  Degrees-,  confequent- 
]y  each  Quarter,  AD,  D  E,  Cfr.  will  contain  90  of.^ 
thofe  Degrees,  as  Is  evidently  reprefented  by  the  large 

Elalf-Circle  of  Fr;g'.  7.  _  -n  •  ^ 

19.  If  two  Lines  B  C  and  F  C  meet  in  a  Point  C,  jj 
the  Space  F  C  B  included  between  them  is  called  an 
Angle-,  and  the  Meafure  of  that  Angle  is  the  Number 
of  Degrees  contain’d  in  an  Arch  E  I  of  a  Circle  de-  [j 
feribed  on  the  Angular  Point  C,  and  included  between 
the  faid  two  Lines  B  C  and  f  C.  Thus  the  Angle  in  || 
the  Figure  contains  40  Degrees. 

20.  If  a  Line,  as  G  C,  be  drawn  through  the  90th 

Degree  on  the  Point  C,  it  will  make  the  Angle  on  one 4 
Side  G  C  B  equal  to  the  Angle  GCA  on  the  other  ,1 
Side,  becaufe  each  is  equal  to  90  Degrees.  Such  an  [j 
Angle  is  called  a  Right  Ar.gle -,  and  the  Line  GC  is, 
then  faid  to  be  perpendicular  to  the  Line  A  B.  || 

21.  The  Angle  FCB,  which  is  lefs  than  a  Right' 
Angle  or  90  Degrees,  is  call’d  an  Acute  Ang'e-,  and 
the  Ansle  H  C  B,  which  is  greater  than  a  Right  Ang^e 
or  00  Degrees,  is  call’d  an  Obtufe  Angle.  Again ;  the 

^  ^  Arch 
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Arch  I  D  is  called  the  Complement  of  the  Arch  E  I  to  a 
Quadrant  E  D,  or  90  Degrees ;  and  the  Arch  A  K  is 
call’d  the  Supplement  of  the  Arch  E  K  to  a  Semicircle 
EDA,  or  180  Degrees. 

22.  If  from  the  Point  I  bo  let  fall  the  Perpendicular 
I L  to  the  Line  or  Radius  E  C,  then  is  that  Line  I L 
call’d  the  Sine  of  the  Angle  ICE  or  FCB.  In  the 
fame  manner  the  Line  I  M  is  the  Sine  of  the  Comple¬ 
ment  Arch  I  D,  or  Angle  I  C  D.  But  inftead  of  Sine- 
Complement,  we  fay,  in  Ihort,  Co-Sine :  Thus  v/e  fay 
that  I  L  is  the  Sine,  and  I  M  the  Co-Sine,  of  the  Angle 
ICE.  The  Angle  F  C  B  is  call’d  the  Inclination  of  the 
Line  F  C  to  the  Line  B  C  ;  and  the  Angle  F  C  D  is 
the  Inclination  of  the  Line  F  C  to  the  Perpendicular 
DC:’  That  is,  F  C  is  inclined  to  B  C  in  an  Angle  of 
40  Degrees,  and  to  D  C  in  an  Angle  of  50  Degrees. 
Hence  I L  and  I M  are  call’d  the  Sines  of  Inclination  re- 
fpedlively. 

23.  Hence,  when  we  fay.  The  Force  of  a  direSl  Stroke 
is'  to  that  of  an  oblique  one  as  Radius  is  to  the  Sine  of  In¬ 
clination,  we  only  mean,  that  thofe  Quantities  are  to 
each  other  as  the  Radius  I  C  to  the  Sine  I  L,  or  I  M, 
according  as  the  Inclination  is  40  or  50  Degrees.  Alfo, 
when  ’tis  faid  that  the  centrifugal  Force  decreafes  from  the 
Equator  towards  the  Poles,  in  proportion  of  Radius  to  the 
Co-Sines  of  the  Latitude-,  no  more  is  meant  than  this, 
that  if  the  Radius  C  E  reprefent  the  faid  Force  in  the 
Equator  E,  and  E  I  be  any  given  Latitude,  then  will 
I  M,  the  Co-Sine  of  the  Latitude,  reprefent  the  Force 
in  that  Latitude  :  Or,  the  Force  decreafes  with  the 
Length  of  the  Line  I M,  as  the  Point  I  moves  on  from 
E  to  D. 

24.  In  feveral  Books  we  have  Tables  of  Numbers 
which  exprefs  the  Length  of  the  Sine  of  every  Degree 
and  Minute  of  the  Quadrant,  in  fuch  equal  Parts  as  the 
Radius  CE  or  Cl  contains  100000.  And  fince  it  is 
of  the  greateft  Ufe  to  know  the  Proportion  of  Radius 
to  the  Sine  of  every  Degree,  I  have  here  fubjoin’d  a 
Table  thereof,  and  a  Specimen  of  its  Ufe. 

Q.  .  ■ 
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Leg. 
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25.  7'he  ufe  of  this  Table  will  be  obvious  from  two  ; 
or  three  Examples.  It  was  obferved,  that  the  Power  is  % 
to  the  Weight  it  fuftains  on  any  Inclined  Plane  IC,  as  " 
the  Height  of  the  Plane  I L  to  the  Length  thereof  1C  j  h 
that  is,as  the  Sine  of  the  Plane’s  Inclination  to  the  Radius.  < 
Suppofethe  Angle  of  Inclination  I  CE  =:  40  Degrees,  I 
then  will  the  Sine  I  L  be  equal  to  64278,  and  the  Ra-  1; 
dius  C  1  to  io00''0,  which  Numbers  are  as  64  to 
ICO  ;  therefore  ic  0  Pounds  wilt  be  fuftained  on  the  In-  > 
dined  Plane  by  a  Power  equal  to  6|  Pounds  nearly. 

26.  Again;  iince  EC  =  loccoc  reprefents  the  cen-  1 

t’  ifugal  Force  under  the  Equator,  then  will  I  iVl  =  76604  I 
(the  Sine  of  50  Degrees,  and  Co-Sine  of  40)  be  as  the  j 
laid  P'orce  in  the  Latitude  of  40  Degrees:  Which  t 
Numbers  are  as  leooto  766  ;  and  fuch  is  the  Pro-  0 
portion  of  the  Forces  in  thofe  two  Places.  f 

27.  In  the  fame  manner,  if  the  Radius  CD=aiOCoeo 

exprefs  the  P'orce  of  any  direil  Sljo^e,  then  will  the  t 
Sine  1 L  =  64278  be  ex preffive  of  the  Force  of  an  oblique  1 
Siroke  in  the  Diiedion  F  C,  every  Thing  elfe  being 
equal.  _  f 

28.  Again;  lince  the  Force  of  a  direfl  Stroke  is  ex-  1 

prefs’d  by  CD  ca:  100000,  if  it  were  required  to  find  r 

die  An»le  of  Obliquity,,  llich  that  the  force  of  the  , 

°  Stioke 
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Stroke  (hall  be  but  one  fourth  Part  fo  great,  or  25000, 
look  in  the  Table  for  the  Number  neareft  to  this,  and 
you  will  perceive  it  to  lie  between  14  and  15  Degrees, 
and  therefore  about  14  Degrees  and  a  half  is  the  Angle 
required. 

2q.  In  the  laft  Place  :  It  was  faid.  That  the  Force  of 
the  Wind  on  the  Sail  is  proportional  to  the  Squares  of  the 
Sines  of  the  Angle  of  Incidence,  This  may  be  llluftrated 
by  Numbers,  thus:  If  the  Sail  be  turn’d  to  the  fame 
Wind,  firft  under  an  Angle  of  45  Degrees,  and  then 
under  an  Angle  of  30  Degrees ;  the  Sine  of  the  firft 
Angle  is  (by  the  Table)  70710,  and  of  the  latter 
50000,  the  Squares  of  which  are  4999904100  and 
2500000000,  which  Squares  are  as  50  to  25  or  as  2 
to  I  ;  and  therefore  the  Power  of  the  Wind  is  twice  as 
great  upon  an  Angle  of  45  Degrees,  as  upon  an  Angle 
of  30. 

30.  Becaufe  the  Square  of  the  Sine  of  45  Degrees  Is 
5000000000,  twice  that  Square  will  be  10000000000, 
which  is  equal  to  the  Square  of  Radius  rococo;  ’tis 
evident  the  Sum  of  the  Squares  of  the  Sines  of  any  two 
Angles  above  45  Degrees  will  be  greater  than  the  ' 
Square  of  Radius ;  and  therefore  the  Force  of  the 
Wind  upon  two  oblique  Sails,  in  that  Cafe,  will  be 
greater  than  upon  one  Sail  fet  direft  before  the  Wind. 

31.  After  the  fame  manner,  the  Table  of  Sines  may 
be  applied  to  Calculation  in  any  other  Cafe  of  the  like 
Nature,  where  the  Propo'-tion  of  Radius  and  Sine  of  an 

i  Angle  is  required  to  be  exprefs’d  or  ftated  in  Numbers, 
i  And  fince  each  Degree  is  divided  into  60  equal  Parts  or 
Minutes^  therefore  the  Sine  of  any  Number  of  Degrees 
and  Minutes  alfo  may  be  eafily  found  by  the  fore¬ 
going  Table,  by  thofe  who  underftand  the  Rule  of 
Proportion. 

32.  I  Ihall  only  further  obferve  here,  that  as  IL  is 
the  Sine^  and  L  M  the  Co  fine,,  of  the  Arch  IE:  fo  if 
on  the  extreme  Point  E  ot  the  Radius  C  E  we  raife  a 
Perpendicular  which  Ihall  cut  the  Line  C  I,  continued, 
in  F,  then  is  the  faid  Perpendicular  E  F  call’d  the 
Tangent  of  the  Angle  ICE,  and  the  Line  F  C  the 
Secant  of  the  fame  Angle.  In  like  manner  the  Per¬ 
pendicular  D  G  is  the  Tangent  of  the  Angle  D  C  I,  and 
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It  is  to  be  obferved,  that  in  order  to  ^ 
turn  a  Ship  about  in  the  leaft  Time,  01 
with  the  greateft  Celerity  pofiible,  the 
Rudder  ought  to  make  an  Angle  with  the 
Stern  of  54  Degrees,  44  Minutes:  And  - 
'  alfo,  that  this  is  the  Angle  which  the  Gates'  ,| 
of  a  Lock  upon  a  River  ought  to  make  with  !■; 
the  Sides  of  the  River,  in  order  to  refill  ,| 
the  Water  with  the  greatell  poffible  Force 
(XLVII.)  Ill 


G  C  the  Secant  thereof ;  and  therefore  D  G  is  tlie  i 
Tangent,  and  G  C  Co- Secant  of  the  Angle  1  C  E 

I  thought  it  neceffarv  to  acquaint  the  Reader  with 
thefe  Definitions,  becaufe  they  fometimes  occur  m  , 
Treatifes  of  this  Kind.  „  p  ou- 

(XLVII.)  I.  If  ABF  be  the  Rudder  of  a  bhip,  ^ 
1.  XIII.  A  H  placed  in  the  oblique  Situation  F  C,  and  the  Wa-  1 
io-.  8.  ter  ftriking  againft  it  in  the  Diredlion  G  C  ;  let  L  L  )l 
°  '  be  Radius,  then  the  Sine  of  the  Angle  of  Incidence  . 

will  be  F£,  and  fo  tl^  Force  of  the  Water  againft  ' 

the  Rudder  will  be  as  F  E'  ;  but  E  F  is  refolvable  into 
the  two  Forces  F  D  and  D  E,  of  which  the  latter  is  || 
parallel,  the  other  perpendicular  to  the  Direaion  of  ^ 
the  Ship’s  Courfe,  and  therefore  F  D  is  the  only  Part  ' 
of  the  Force  that  compels  the  Ship  to  turn  round._But  . 

_  Q  jr  yf  E  F^ 

EF  is  to  F  D  (::  C  E  :  CF)  ::  E  F  •  j 

^ ^ ^  f 

that  is  (putting  CE  =  C  F  =  at)  as 

fo  X  will  be  found  (by  the  Method  de  Maximhiff  Mi-i 
■’  i —  ii| 

ninds)  equal  to  ;  and  therefore  the  Angle  of  In^  ^ 

cidence  ECF  =  54°44'»  as  the  Force 

of  the  Water  againft  (the  Rudder  to  turn  the  Ship  is  a* 
Maximum.  *  "I 

I  SH.4XL 
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I  SHALL  conclude  this  Ledlure  with  a 

fewWord.sGoncerningWHEEL-CARRiAGES, 

2.  After  a  like  A-Ianner  we  determine  .the  Angle  ,  of 

Pofition  of  the  (jates  A  E,  BE,  of  a  Xock  upon  a 
River,  the  Angle  B  A  E'=  ABE)  jp  which  the 

faid  Gates  (hall  refift  the  Preffure  of  the  Water  with 
the  greateft  .Force  poiSble.  For  if  uponABwede- 
fcribe  the  Semicircle  A  D  B,‘  and  continue  A  E  to  D  ; 
then  the  Preffure  of  the  Water  againft  the  Gate  A  E 
wiinnc'reafe'with  the  Length  of  the  Gate,  and  the  Re- 
fiftance'of  the  Gate- ^ ill  jecreafe  as  the  Preffure  in- 
creafes,  ,and  therefore  it  will*  be  on-this  Abcbiint  in- 

^  ■"  I 

verfely  as  the  Length  of  the  Gate,  or  ;as 

3.  Again,  the  Refiftange  will  be  dimihifh’d  as  the 
Length  of  the  Gate  increafes,  inafmuch  as  the  Strength  Ph  XIII. 
of  the  Gate- will  be  diminifh’d  in  that  Proportion,' thefet  Fig,  16. 

fore  it  will  be  on  this  Account,  alfo  as  confe- 

quently  the  Reftftance  of  the  Gate  on  both  thefe  Ac¬ 
counts  will-  be  as  - 

A  E" 

4.  Join  B  D  and  E  C  perpendicular  W  A  B  ;  then  wp 
have  A  E''  :  AX*  : :  XB*  :■  A  D*  ;  and  here,  becaufe 
A  D*  decreafes  as  A  E^  increafes,  we  {hall  have  the 

Refiftance  exprefs’d  by  A  D*. 

5.  But  this  Refiftance  is  augmented  by  the  Oblique 
Preffure  of  the  other  Gate,  which  let  be  reprefented  by 
BE;  this  Oblique. Force  B  E  is  refolvable  into  two 
Forces  B  D  and  D  £  ;  which  latter,  as  it  is  parallel  to 
the  Gate  AE,  avails  nothing,  but  the  other  BL)  beihg 
at  Right  Angles  thereto,  is.  wholly  fpent  in  refifting 
it;  therefore  the  v/hole  Refiftance  the' Water  meeti 

with  from  the  Gate  A  E,  is  as  A  D*  X  B  D. 

6.  This  Expreffion,  therefore,  is  to  be  determined 
to  a  Maximum  ;  in  order  to  w'hich,  let  A  B  =  <7,  B  D 

:=  *■,  and  then  A.  D*  a  a  —  xx,  and  fo  A  D*  X  B  D 

CL  3  the 
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the  whole  Doftrine  whereof  (as  it  ftands 
on  a  Mathematical  T'heory)  may  be  re- 


PI.XIII. 
Fig.  9. 


mum. 


nl*m»  _  ^  y 

g.To  this  End,  put  AC-g,GA=y ;  alio  HK=»,  and 
;  then  GC—\/aa — xx,  andbecaufe  of  the  fi- 
milar  Triangles  HKB,  AGB,  we  have  HK  :  KB  :: 


m 


AG  :  GB=  ^x^  and  fo  BC=v/ aa—xx  — ■  Xy 
n  ^ 


AGXliC=x\/aa—xx— —xxy  whofe  Fluxion  made 

72 


XXX 


2m 


equal  to  nothing  is  x^aa — ;if.v . — "7== — ■ ' 

^  t)  V  ti 


X  X 


-0, 


z=zaax  —  x^y  whofe  Fluxion  a  ax  —  ixxxz=.Oy 
gives  X—  ^ which  (hews  the  Angle  B  A  E  = 

35°,  j  6',  as  in  the  Examples  above. 

7.  Since  we  are  upon  the  Subjeft  of  MaximumSy  I 
fliall  here  add  Examples  of  two  or  three  other  Cafes  of 
the  fame  Kind,  which  ’tis  hoped  will  be  acceptable  to 
the  Curious,  and  yet  not  befides  the  Purpofe  of  Mecha¬ 
nical  Gentlemen.  Let  BB  be  a  Piece  of  W ood  placed 
horizontally,  and  fupported  by  the  Pieces  AB,  AB, 
which  make  a  given  Angle  ABC  with  the  former  ;  it  is 
required  to  find  the  Pofitions  of  two  other  rleces  A  C, 
AC,  given  in  Length,  fuch  that  they  (hall  fupport  the 
Piece  BB  with  the  greateft  Force  poffible. 

8.  The  Pieces  AC,  are  fix’d  in  A  and  C  fo  as  not 
to  flip,  they  are  fuppofed  to  have  no  confiderable  W  eight. 
Then  make  BH=r  AC,  and  from  the  Points  A  and  H 
draw  the  Lines  AG,  HK,  at  right  Angles  to  BB.  If 
AC  expreffes  the  abfolute  Strength  of  the  Piece  AC, 
then  A  G  will  exprefs  the  Strength  with  which  it  flip- 
ports  the  Piece  BB,  as  being  perpendicular  thereto. 
Now  A  G  multiplied  by  the  Lever  (or  Diftance)  B  C 
from  the  Centre  of  Motion  B,  (which  expreffes  the  if/o- 
mentum  or  Force  of  the  Piece  AC)  ought  to  be  a  Maxi- 


and 
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daced  to  the  following  Particulars,  viz, 
(i.)  Wheel-Carriages  meet  with  lefs  Re- 


Whence  aa  —  2xx  — —  x  \/ aa — xx—  o . 


n 


But  it  is  becauTe  BH*— HK  -j-KBh 

Therefore  n'^a* — a- x"^ — x'^ -]-a'^ x*—o. 


Ai . 


•4Wj^Ar'’--f-.v‘'=(7. 


Whence  again  a'^ — a'^ x'^-\-x‘^—o,  (becaufe  — 4»*— 


I — a*  ^  aa‘^  —  \  aa* — a*  «*. 


But  it  is  ^  aa‘^ — a~  n*-=zaanr'\-a^  — a^ 

Therefore  x* — aa*z=.a'^  vi*. 


I  11.  Hence ’tis  evident  if  m  (arBKj^J,  in  which  Cafe 
'  the  Angle  ABC  is  a  right  one,  ihm  x—sZ-^aa^  and 
,  therefore  the  Angle  ACB  will  then  be  half  a  right  one, 
or  45  Degrees.  _ 


12.  Since  the  two  Values  oFa”,  v'z.  \/iaa — am  and 


\/ {a a am  being  fquared,  and  the  Sum  of  thofe 


.  Squares  are  equal  to  the  Square  of  the  Radius,  viz. 
jl  aa — am-\-{aa-\-amzzaay  therefore  the  two  Angles,  of 
'*  which  X  is  the  Sine,  are  Complements  to  each  other. 
Thus  fuppofe  the  Angle  ABC  obtufe,  and  i20  De¬ 
grees,  or  the  Angle  ABG  =  6o  Degrees  ;  then  BK=: 

m—la^  and  fo  AG=x=v^4^« — a?nz=.Z \a  a — \aa— 


4 
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fiftance  than  any  other.  (2.)  The  larger  \\ 
the  Wheels  the  eafier  is  the  Draught  of  the  |i 


I  ,7,  therefore  the  Angle  ACB  is  =  30  Degrees.  But 
if  the  Piece  AC  be  placed  on  the  other  Side  AB,  then 
xz=:s/^^aa+a??2=:\/ \aa^  and  fo  the  Angle  A  C  R 
would  in  that  Cafe  be  =  60  Degrees,  and  confequent- 
ly  equal  to  the  Angle  A  B  G. 

13.  If  the  Angle  ABC,  inftead  of  being  obtufe, 
were  acute,  and  the  Complement  to  this,  we  fhould- 

have  AGXBCr^JcV/^tfl — x  x  - x  x  a  Maxi- 

71 

mum.,  which  would  in  Fluxions,  give  the  fame  Value 

for  X  as  before,  vl%.  %/■  i  «  fl  a  m,  which  if  fub-  i 

ftituted  for  x  in  the  above  Expreffion,  will  give 

7.ann-\-(iam  "xa  mm  ,  .  .  -  _ 

_ !— - — ,  where  tis  plain  it  .y  = 


V  — aw,  the  greateft  Force  will  be - - 


10. 


but  if  x  —  \/\aa-\-am, 
7.  a  a?-m  7  a  ^ 


then  the  greateft  Force  wiU 


be 


PI.  XIII 
Fig. 


2  n 


But  X  \  a  a  —  am 


is  theSin.eof  30°,  and  x  —  \/  \:aaAram  is  the  Sine 
of  60°  :  therefore  the  Piece  B  B  is  fupported  with  the 
greateft  Force  by  the  Piece  AC  when  placed  on  that 
Side  B  on  which  the  acute  Angle  is. 

14.  If  AG  be  a  Piece  of  Wood  of  an  indefinite 
Length,  and  fixed  in  A,  fo  as  to  make  a  given  Angle 
GAD  with  the  horizontal  Line  AD;  let  it  be  required 
to  find  the  Pofition  of  another  Piece  D  E,  given  in 
Length,  fuch  that  it  fhall  fupport  the  Piece  A  G  with 
the  greateft  polTible  Force.  To  this  End  make  AC 
—  and  from  B  let  fall  the  Perpendicular  C  B  ;  then 
fince  the  Angle  A  is  given,  the  Ratio-  of  C  B  to  A  B  is 
given  alfo,  which  let  be  as  «  to  ;  that  is,  let  CBr=«,j 
and  AB  —  m-,  from  the  Point  D  draw  the  Perpendi-J 


cular  DF  (= -v)  to  the  Piece  AG.  Then  if  D  EJ 
(=a  a)  exprefles  the  whole  Force  of  the  Piece  D  E  prelT- 


Carrlage, 
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Carriage.  (3.)  A  Carriage  upon  four 
large  Wheels,  of  equal  Size,  is  drawn 


ing  perpendicularly,  D  F  will  exprefs  that  with  which 
it  lupports  A  G  ;  therefore  D  F  multiplied  by  the  Dif- 
tance  from  the  Fulcrum  A,  or  Lever  A  E,  ought  to  be 
a  Maximum. 

15.  Now  from  the  fimilar  Triangles  A  C  B,  AD  F, 


wc  have  CB:  BA:;DF:FA 


m 


alfo  F  E 


a  —  X  x.)  therefore  AE  =  \/  a  a  —  jrAr-j - Xy 

n 

which  multiplied  byDFrr*-,  isAExDF  =  x- 


m 


\/ a  a — XX-] — XX,  whofe  Fluxion  made  equal  to 


nothing  will  give  a- =:  y/ | ^  ot,  as  before.  If 
the  Angle  A  D  E  be  acute,  the  Point  E  will  fall  be- 

fTi 

tween  F  and  A,  and  we  fhall  have  A  E  =  -  x 

n 


m 


a  a  —  XX  and  AEXDF  =:  — jc  x — x^aa — xxy 

which  fluxed  will  give  the  fame  Value  of  x  as  before 
found. 

16.  In  each  Cafe,  ’tis  plain  x  —y  laa-\-  amzz:. 
Sine  of  60°,  muft  be  the  Maximum,  which  if  fubftituted 


m 


.in  the  Exprellion  x  y  a  a  —  xx-\ —  x  x,  (where  the 

A  1  AT^T--  ,1-  A  -11  •  2ann-{-aam.-^'2.aam 

Angle  AD  E  IS  oblique)  will  give - '■ — - - 

=  Force  of  D  E  which  fupports  the  Piece  A  G.  But 


m 


if  y^a  a +am  be  put  for  x  in  the  other  Exprefiion  - 

XX  —  y  a  a  —  XX,  we  (hall  have  for  the  faid  Force 

aam-\-ia  mm  —  1  a  a  n 
(when  the  Angle  is  acute) - - - - - » 

which  is  lefs  than  the  other  Forces;  and  therefore  the 
latter  Fofition  is  lefs  advantageous  than  the  former. 

with 
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with  lefs  Force  than  with  two  of  thole  ^ 
Wheels,  and  two  of  a  lefler  Size.  (4.) 

If  the  Load  be  laid  on  the  Axle  of  the  ’ 

larger  Wheels,  it  will  be  drawn  with  lefs  ‘1 

\ 

17.  I  can’t  conclude  this  Speculation  of  the  Ma>,ima 

and  Minima  of  Quantities,  without  obferving  to  the  ii 
Reader,  that  though  the  Method  of  difcovering  them 
by  Fluxions  is  a  Part  of  Knowledge  which  the  Mathe¬ 
maticians  have  but  lately  acquired,  and  which  they 
efleem  the  Sublimity  of  human  Science,  yet  this  very  i 
Thing  was  imparted  to  the  InfeSl  Tribe  at  the  firft  Cre-  i 
ation  of  Things ;  for  by  this  very  Method  it  is  that  ) 
Bees  confirucl  the  Cells  of  their  Combs  in  which  they  i| 
depofit  their  Honey.  i| 

18.  Each  Cell  confifts  of  fix  plain  Sides,  which  are  1| 

all  Trapeziums,  but  equal  to  each  other.  1  he  Bottom  ii 
of  the  Cell  is  contrived  with  three  Rhombus’s  HKD  I,  ij 
DEFI,  and  FIHG,  fo  difpofed  as  to  conftitute  a 
Solid  Angle  at  I,  under  the  three  equal  Angles  DIH,  [ 
DIF,  and  H  I  F ;  each  of  which  is  double  the  Maxi-  i 
mum  Angle  of  54"  —  44'  =  DIK  =  DKI.  Hence  ^ 
it  comes  to  pafs,  that  a  lefs  Quantity  of  Surface  is  fuf-  1| 
ficient  to  contain  a  given  Quantity  of  Honey,  than  if  i| 
the  Bottom  had  been  flat,  in  the  Proportion  of  4658  to  i: 
5550,  as  I  have  found  by  Calculation ;  that  is,  i| 

or  F  Part  of  the  whole,  fo  far  as  the  Figure  of  the  Ends  ij 
of  the  Cells  extends  in  each,  which  fifth  Part  of  Wax  Ij 
and  Labour  faved  amounts  to  a  vaft  deal  in  the  whole  !| 
Stru(3ure  of  the  Comb.  And  if  thofe  Creatures  knew  .j 
their  Advantage,  they  could  not  more  nicely  keep  up  to 
the  Rules  of  this  fublime  Geometry.  '• 

1 9.  The  laft  Thing  among  the  Maxima,  that  I  fhall 

mention,  is,  that  if  a  Chain  A  BC  be  fufpended  by  its  ' 
two  Ends,  it  will  fink  down  in  fuch  a  Manner,  by  its  f! 
Gravity,  as  to  form  the  Curve  ABC,  call’d  the  Cate-  ’ 
naria,  which  if  inverted,  would  exhibit  the  beft  Form 
for  an  Arch  of  any  other  whatfoever.  For  the  Demon- 
ftration  of  this,  we  muft  refer  the  Reader  to  the  In- 
ventor  Dr.  Gregory,  \n  Phihf.Tranf,'^°  r| 

Force 

Ii 


235 


I 

M  E  C  H  A  N  I  C  s; 

Force  than  if  laid  on  the  Axis  of  the  lefler 
Wheels  j  contrary  to  the  common  Notion 
of  loading  Carriages  before.  (5.)  The  Car¬ 
riage  goes  with  much  lefs  Force  on  Frtc- 
tion-Wheels,  than  in  the  common  way  j  all 
which  will  be  confirmed  by  Experiments 
(XLVIII.)  (XLIX.) 

(XLVIII.)  The  Theory  of  Wheel- Carriages  is  as 
follows ;  Let  A  P  G  E  M  be  a  Wheel,  N  D  the  hori¬ 
zontal  Plane  on  which  it  moves,  E  F  the  Height  of  an 
Obftacle  over  which  it  is  to  be  drawn  ;  the  Wheel  ar¬ 
riving  'at  the  Obftacle,  and  touching  the  Top  E,  ftands 
upon  the  Point  G,  and  prefles  it  with  its  whole  Weight. 
Draw  O  E  K,  a  Tangent  to  the  Wheel  in  the  Point  E, 
and  meeting  the  vertical  Diameter  A  G  produced,  in  O. 
Praw  the  Radius  E  C,  and  E  H  perpendicular  to  A  G ; 
and  M  C,  mr,  perpendicular  to  C  E,  and  confequently 
parallel  to  the  Tangent  O  K.  Laftly,  draw  the  Ra¬ 
dius  C  m. 

2.  Since  the  Wheel  gravitates  In  the  Dire£lion  C  O, 
let  C  O  exprefs  its  Weight  preffing  the  Point  G  ;  this 
may  be  refolved  into  two  others  C  E  and  O  E ;  of 
which  C  E  prefles  the  Top  of  the  Obftacle,  and  is 
wholly  fuftain’d  by  it;  the  other  Weight  O  E  draws 
the  Wheel  down  in  a  Diredlion  parallel  to  the  Tangent 
O  K.  Now  let  W  =  C  O  Weight  of  the  Wheel,  R  = 
Radius,  H  E  F,  the  Height  of  the  Obftacle,  and 
X  =  O  E  ;  then  fince  O  E  :  C  O  ::  H  E ;  C  E,  we  have 

WXHE  ,  , 

X  :  W  ::  H  E  :  R,  whence  tc  — - - i  hut,  from 

the  Nature  of  the  Circle,  HE  — ^AHXHG~ 

^  A  H  X  F  -  ^  2  R  H  —  H" ;  therefore  x  = 

W  X  ^/  2  R  H  —  H  H 
^ — -  '  '  —  • 

R  ,  .. 

3.  A  Force  juft  equal  to  this  Weight  x,  and  afting 
in  Oppofltion  to  it,  that  is,  drawing  the  Wheel  up¬ 
wards  in  theDiredion  C  M  parallel  to  E  K,  will  juft  be 

able 


/ 


r 


t  • 


f 
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able  to  make  the  Wheel  reft  on  the  Top  of  the  Olv 
ftacle  at  E,  without  fuffering  any  Part  of  its  Weight  to 
reft  on  the  horizontal  Plane  at  G. 

4.  Now  this  Fbrce  muft  be  increafed  if  it  a£ts  in 
any  'other  Direftion  but  that  of  C  M  ;  for  let  it  dravy 
the  Wheel  in  the  Diredlion  C  »z,  between  M  and  E, 
then  the  Force  may  be  refolyed  into  two  others  C  r,  and 
r  w,  of  which  C  t  draws  the  Wheel  diredtly  againft 
the  Top  of  the  Obftacle  E,  and  fo  is  deftroy’d  by  equa| 
Re-adlion  of  the  Point  E ;  what  therefore  remains  tO 
draw  it  upwards  in  a  Diredlion  parallel  to  O  K,  hmr^ 
which  is  lefs  than  C  tm  or  C  M  ;  and  to  be  made  equal 
thereto,  (as  it  muft:  be  to  fupport'the  Wheel  on  the 
Top  of  the  ObfiacleE)  it  muft  be  increafed  in  the  Ra¬ 
tio  of  C  to  rraf.  which  let  be  “as  R  to  S  (or  as  Ra~‘ 
dius  to  the  Sins  of  the  Angle  which  the  Direftion  of  the 
Force  makes  with  C  E).  But  ’tis  plain,  the  Force  r  tti 
cannot  be  increafed,  but  the  whole  Force  C  M  muft  be 
increafed  in  the  fame  Proportion }  that  is,  when  r  m  be- 

.  R  R  ^ 

comes  —  X  r  w,  C  M  will  become  -g-  X  CM  — 

W  X  .  R  H  —  _  W  X  ^/  ^R;  H  — 

"TT  -.R  S 

5. "  I”  order  that  the  Wheels  may  be  drawn  over  the 

Obllacle  F  E,  it  isheceftary  the  Diredfion  of  the  Force 
fhould  lie  between  C  E  and  C  A  ;  for  if  it  were  in  the 
Diredion  C  E,  it  could  only  draw  the  Wheel  upon  or 
againft,  but  not  over  the  Obftacle ;  and  if  it  adted  in 
the  Diredtion  C  A,  it  would  not  make  it  prefs  againft 
the  Obftacle,  and  confequently,  could  never  draw  it 
oyer.  _ _ _ 

6.  Let  ’F  =  W  X  v/2RH  — 


flcient  to  fuftain  the  Wheel  on  the  Top  E  of  the  Ob- 
fiacle,  ’tis  evident  if  W,  R,  H,  continue  the  fame,  F=; 

that  is,  the  Force  will  always  be  lefs  as  the  Sine  of 

O 


the  Angle  E  C  wr  is  greater,  till  rm  —  C  M,  when  the 
faid  Force  W'ill  beleaft  of  all. 


1 


7.  If  W  and  H  be  given,  or  always  the  fame;  then 

F  rr  - -  (for  here  we  fuppofe  the  Force  ap- 

R 


plied  to  draw  in  the  moft  advantageous. Direflion,  .viz, 
C  M,  where  S  becomes  equal  to  R.)  If  therefore  the 


Radii  of  four  Wheels  be  i,  2,  3,  4,  then  will 


y/^R— t 
R 


be  I,  ^  or  as  the  Numbers  idoo, 

^  M  4 

866,  745,  66r.  From  hence  ’tis  evident  how  much 
lefs  Force  is  neceflary  to  draw  a  large  Wheel  over  any 
Obftacle  than  a  lelfer  one,  when  the  Weight  of  the 
Wheels  are  the  fame. 

7.  If  the  Height  of  the  Qbftacle  H  be  indefinitely 
fmall  and  given,  in  which  Cafe  the  Tangent  O  K  will 
coincide  with  the  horizontal  Line  N  D,  and  the  Point 
E  with  the  Point  G,  very  nearly  ;  and  the  Diredion  of 
the  Force  be  parallel  to  N  D  ;  then  becaufe  is  incon- 
fiderable  we  reje£l  it,  and  the  Expreffion  for  the  Force 

will  be  F  =  ^  ^ 

fore  not  exprefs’d).  And  if  W  be  alfo  given,  the 

Force  will  be  F  =  — or  F  =  ^ ,  becaufe  2  is 


a  given  Quantity ;  but 


\/R__  I 

R  v/R 


> 


therefore  F  = 


.J-- .  that  is,  in  cafe  of  rough  uneven  Surfaces  the 
1/  r’ 

Force  to  draw  the  Wheel  will  be  inverfely  as  the  Square 
Root  of  the  Radius  or  Diameter  of  the  Wheel.  Thus 
if  three  Wheels  are  in  Diameter  as  r,  4,  9;  the  Force 

to  draw  them  will  be  as  3,  2,  I. 

8.  If  H  =  0,  that  is,  if  the  horizontal  Plane  on 
which  the  Wheel  moves  be  perfedly  fmooth  or  plain, 

ithen  the  Quantity  — v^zRH  —  H*  —  0;  whence 


it  appears  that  no  Force  is  required  to.  move  an  heavy 
Body  on  an  horizontal  Plane  which  is  perfe^ly  even. 

9.  If 
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9.  If  the  Height  H  of  the  Obftacle  be  proportional 
to  the  Radius  of  the  Wheel,  that  is,  if  H  be  as  R,  and 
the  Force  draw  in  a  Diredlion  parallel  to  O  K  ;  then 

,  ,  v/aRH—  ^2  RR  — RR 

beaufe - g - =  v: - 

=:  I,  therefore  F  ~  W,  or  the  Force  will  be  proportional 
to  the  Weight  of  the  Wheel. 

to.  If  the  Direction  of  the  Force  be  parallel  to  the 
horizontal  Plane,  that  is,  if  Cot  be  parallel  to  N  D, 
then  becaufe  the  Angle  ot  C  E  is  (in  that  Cafe)  equal 
to  the  Angle  C  E  H,  their  Sines  will  be  equal,  that  is, 
rm—  CH  =  R-^H;  therefore  the  Expreffion  of  the 

^  W  X</2RH  — 

Force  (Art.  6.)  will  become  r  = - j, — ^ - ; 


and  if  the 


Height 


H  be 


given 


it  will  be  F  =: 


W  X  i/  2  R  —  I 
R  —  t 


IT  .U  T?  /r  T7  WX*/2KH  — H‘ 

1 1.  From  the  Expreffion  f  = - 21 — - - , 


F  _ 2  R  ti 


H 


we  have  this  Equation  ■—  ^ — ^5- - ,  which 


gives  the  following  Analogy  F  :  W  n  ^  2RH — :  S, 
Xhat  is.  The  Force  is  to  the  Weight  as  the  Sine  of  the 
Angle  E  C  H  (viz.  E  H)  is  to  the  Sine  of  the  Angle 
m  C  E,  which  the  Line  of  DireSiion  makes  with  the  Line 

EC. 

12.  If  the  Obftacle  is  capable  of  being  deprefs’d  or 
born  down  by  the  Wheel  j  the  larger  the  Wheel  the 
greater  will  be  the  Force  to  do  this ;  for  fmce  C  E  re- 
prefents  the  whole  P'orce  with  which  the  Wheel  bears 
upon  the  Obftacle,  and  this  is  refolvable  into  the  two 
Parts  C  H  and  H  E,  of  which  the  former  C  H  being 
parallel  to  E  F  tends  to  prefs  it  down,  it  will  be  ex- 
prefs’d  by  R  —  H,  and  lince  H  is  given,  the  depr^ffing 
Force  will  be  asR— i,  and  therefore  will  increafe 
with  R,  or  the  Radius  of  the  Wheel. 

13.  if  the  Obftacle  be  fuch,  as  that  it  can  neither 
be  furmounted  nor  deprefs’d,  but  muft  be  driven  for¬ 
ward,  the  Force  to  do  that  will  be  exprefs’d  by  H  E  = 

^2RH- 
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\/  2  R  H  —  which,  fince  H  is  given,  will  be  as 

^  ^  —  1  ;  but  v/"  R —  1  will  be  greater  in  Proportion 
to  R  when  R  is  fmall  than  when  it  is  greater.  Thus 
if  R  -  2.  then  y/R— 1  =  i  =  IR;  butifR  =  5, 
then  y/  R — i 2,  which  is  lefs  than  i  R;  and  if 
R  —  10,  then  y/  R— -i  —  which  is  lefs  than^R; 
fo  that  in  this  Refpedl  fmall  Wheels  have  the  Advan¬ 
tage  of  large  ones.  But  this  Cafe  feldom  happens. 

i+.  The  principal  Advantage  of  fmall  Wheels  is,  „ 
that  in  them  the  Line  of  TraiStion  is  not  parallel  to  the 
Horizon  as  C  K,  but  inclined  thereto  in  a  certain  ^*S* 
Angle,  as  C  M,  making  with  the  Horizon  the  Angle 
M  C  K  ;  now  if  C  M  be  parallel  to  the  Tangent  O  K, 
the  whole  Force  will  be  employed  to  draw  the  Wheel 
over  the  Obftacle  E  F  ;  whereas,  if  the  Line  of  Trac¬ 
tion  were  parallel  to  the  Horizon,  the  Line  C  K  might 
then  exprefs  the  Force,  which  being  refolved  into  the 
two  Forces  C  E  and  K  E,  fhews  that  the  Part  C  E  draws 
the  Wheel  diredly  upon  the  Obftacle,  and  is  therefore 
loft  by  its  Re-a£fion  ;  and  only  the  Part  KE  remains 
to  draw  the  Wheel  over  the  faid  Obftacle ;  and  con- 
fequently  the  horizontal  Diredion  is  not  the  beft,  un- 
lefs  upon  a  fmooth  ajid  even  Plane,  where  no  Obftacles 
and  Afcents  are  to  be  furmounted. 


I5'  From  what  we  have  faid,  it  is  evident  that  a 
fmall  Wheel,  whofe  Radius  is  K  E,  and  the  Line  of 
Tradion  parallel  to  O  K,  is  equivalent  to  a  large 
Wheel  whofe  Radius  is  C  K,  and  the  Line  of  Tradion 
parallel  to  the  Horizon  N  D  ;  but  E  K  ;  C  K  ::  H  B  : 

C  B  ::  C I  :  C  E ;  that  is,  the  Radius  of  the  fmaJler 
Wheel  is  to  that  of  the  larger,  as  the  Co-fine  of  the 
Angle  E  C  G  to  Radius. 

i6.  Though  the  Force  employ’d  be  never  tvholly 
fpent  in  drawing,  but  when  the  Diredion  is  C  N,  pa- 
rallel  to  the  Plane  on  which  the  Carriage  moves;  yet  if^'S-  ^3* 
it  be  applied  in  that  oblique  Diredion  C  M,  where  the 
Breaft  of  the  Horfe  is  higher  than  the  Axle  of  the 
Wheel  C,  in  which  Cafe  only  the  Part  B  M  is  em¬ 
ploy’d  in  drawing,  the  other  Part  C  B  is  not  however 
wholly  loft,  but  is  ading  contrary  to  the  Gravity  of 
the  Carriage,  and  by  that  Means  lelfens  fomew'hat  of 

the 
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the  Weight  of  the  Load,  by  lifting  it  (as  it  were)  along, 
for  in  this  Cafe  the  Horfe  not  only  draws^  but  alfo  car¬ 
ries  along  (in  fome  meafure)  the  Load. 

17.  On  the  contrary,  if  the  Axle  of  the  Wheel  be 
higher  from  the  Plane  than  the  Breaft  of  the  Horfe,  that 
is,  if  the  Power  be  applied  in  the  oblique  Diredion 
C  O,  then  the  Part  D  O  draws  the  Load  along,  but 
the  Past  CD  afting  perpendicular  onG  draws  the  Load 
dlreaiy  againft  the  Plane,  and  thereby  increafts  the 
Weight  of  the  Load,  or  the  Difficulty  of  drawing  itj  and 
is  therefore  the  worft  Dire6lion  in  which  the  Force  can 
be  any  how  applied  in  drawing.  Hence  it  follows,  that 
(cesteris  paribus)  where  the  Wheels  of  a  Carriage  have 
their  Radius  equal  to  the  Pleight  of  the  Horfe’s  Breaft, 
or  Traces,  the  Draught  will  be  eafieft  of  all ;  and 
Wheels,  whofe  Radius’s  are  lefs  than  that,  are  better 
than  thofe  Wheels  whofe  Radius’s  exceed  it. 

]8.  A  fmall  Wheel  BDC  will  defcend  farther  down 


Fig.  14. 


a  larger 


Fig- 


between  two  Obftacles  Df  and  CE  than  _ 
Wheel  ADC,  as  is  evident  from  the  Figure;  and 
therefore  the  Draught  is  more  difficult,  and  fubjeiR  to 
greater  Shocks  or  Jolts,  with  the  fmall  Wheel,  inaf- 
much  as  its  Axis,  and  confequently  the  Weight  of  the 
Load,  muft  be  raifed  to  a  greater  Height  in  order  to 
get  from  between  them. 

ig.  Alfo  in  foft  or  yielding  Ground,  a  fmall  Wheel 
will  fink  deeper  than  a  larger  Wheel  charged  with  the 
fame  Weight.  Thus  fuppofe  A  B  C  be  the  Plane  of 
the  Road,  which  is  fo  foft  as  to  permit  the  fm^LWheel 
to  fink  down  to  E,  then  the  Weight  muft  overcome  the 
Reliftance  of  as  much  Earth  as  the  Wheel  in  finkipg 
has  difplaced,  that  is,  as  much  as  is  e^uai  to  the  Seg¬ 
ment  H  E  D  ;  if  now  the  larger  Wheel  were  to  fink 
to  the  fame  Depth,  it  muft  overcome  the  Refiftance  of 
fo  much  Earth  as  is  equal  to  the  Segment  A  E  C,  which 
is  greater  than  H  E  D,  which  is  impoffible,  becaufe  the 
fame  Weight  can  overcome  but  an  equal  Refiftance  in 
either  Wheel,  therefore  the  larger  Wheel  will  not  fink 
fo  deep  as  the  fmaller,  and  fo  will  be  drawn  more 
eafily. 

20.  Since  the  Ends  of  the  Axles,  and  the  Holes  in 
the  Naves  of  large  and  fmall  Wheels  are  equal,  and 

fuice 
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fince,  in  paffing  along,  the  fmall  Wheel  (to  meafure  the 
fame  Length  of  Road)  muft  turn  round  upon  its  Axis 
oftener  than  a  large  one ;  it  follows,  that  there  will  be 
a  greater  Quantity  of  Fridlion  in  the  fmall  Wheel 
than  in  the  larger,  and  that  in  the  fame  Proportion  as 
it  is  lefs,  or  as  its  Velocity  is  greater.  Hence  on  Ac¬ 
count  of  this,  and  feveral  other  like  Caufes,  fmall 
Wheels  are  much  more  fubjeiSt  to  be  out  of  Repair* 
to  be  at  Fault,  and  to* be  worn  quite  out,  than  larger 
ones. 

2t.  Next  to  the  Conveniency  mention’d  Art.  14^ 
that  of  turning  the  Carriage  in  a  imaller  Compafs,  with 
Imall  Wheels,  than  can  be  done  by  large  ones,  has  made 
them  more  neceflary  in  Waggons  and  Coaches,  for  be- 
caufe  of  their  Smallnefs  they  can  be  brought  near  to, 
iind  partly  under  the  Sides  of  the  Carriage,  and  fo  their 
Axles  lying  more  obliquely  under  the  Bed  of  the  Car¬ 
riage,  admit  it  to  be  turned  about  with  greater  Eafe. 

(XLIX.)  I.  To  conclude  thefe  Mechanical  Lec¬ 
tures,  I  fhall  give  the  Reader  a  fhort  View  of  the  fa¬ 
mous  Controverfy  that  has  fo  long  (about  60  Years) 
fubfifted  between  the  Englijh  and  French  Philofophers  on 
one  Side,  and  the  Dutch,  Germans,  and  Italians  on  the 
other.  The  Subjedl  was,  Whether  the  Force  of  Bodies 
in  Motion,  friking  each  other,  be  proportional  to  the 
Simple  Velocity  of  the  Motion,  or  to  the  Square  of  the 
Velocity  ?  The  Englifo  and  French  maintain  the  former  j 
the  other  Gentlemen  the  latter. 

2.  This  Difpute  firft  commenced  between  Mr.  Huy» 
gens  and  the  Abbot  Catalan,  about  the  Force  of  Of- 
cillating  Bodies  j  it  continued  fome  Time  between  thefe 
two  Gentlemen ;  at  laft,  another  Subjedf  of  the  fame 
Kind  engaged  the  faid  Abbot  with  the  famous  Leibnitz, 
who  is  to  be  efteemed  the  firft  Author,  that  plainly 
declared,  in  exprefs  Words,  That  the  Forces  of  Bodies 
uuere  as  their  Maffes  smiltiplied  by  the  Square  of  the  V docity. 
Catalan,  and  afterwards  Mr.  Papin,  anfwered  Leibnitz ; 
he  reply’d  again,  and  feveral  Papers  were  written  on 
the  Subjedl. 

3.  It  then  became  a  Matter  of  general  Enquiry,  and 
the  Philofophers  of  every  Nation  began  to  confidcr 
which  Side  to  be  of,  and  whether  they  ftiould  declare 
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for  the  old  or  for  the  new  Opinion.  However,  they  did 
here,  as  they  do  in  Religion,  go  by  a  whole  Nation  to¬ 
gether;  the  ^common  Herd  of  Philofophers  following 
the  Didltaes  of  their  Leaders.  Thus  Leibnitz^  Pole- 
nus,  S'Gravefande,  and  Mufchenhroek  lead  the  German 
and  Dutch-,  Papin,  Mahan,  &c.  the  French  ;  andPm- 
Urton,  Fames,  Defaguliers,  Clarke,  &c.  the  EngHJh. 

4.  In  this  Controverfy  alfo,  as  in  thofe  of  Religion, 
the  Opponents  difputed  with  very  great  Warmth,  won¬ 
der’d  at  each  other’s  Slownefs  of  Apprehenfion,  or 
Backwardnefs  of  Belief;  and  I  wilh  I  could  fay,  that 
they  had  always  obferved  fuch  an  impartial,  free,  and 
generous  Behaviour  and  Stile  of  Expreffion,  as  the 
Dignity  of  Philofophy  demands.  We  fhould  then  per¬ 
haps  have  found  Dr.  Defaguliers  better  employed  than  in 
blaming  Dr.  Samuel  Clarke  for  uncivil  Treatment,  for 
rude  and  impertinent  Expreffions,  See.  in  regard  to  thofe 
who  defend  the  new  Opinion  of  the  Square  of  the  Ve¬ 
locity. 

5.  As  it  ufually  falls  out  in  other  Cafes,  fo  here  when 
Men  find  themfelves  prefs’d  with  Difficulties  and  Ab- 
furdities  in  their  Schemes  and  Notions,  they  have  re- 
courfe  to  the  Subtilties  of  Metaphyfical  Diftindlions, 
though  feldom  to  any  good  Purpofe.  Thus  when  it 
appear’d  too  plainly  by  all  Experiments,  and  even  to 
common  Senfe,  that  the  natural  Force  of  Bodies  was 
proportional  to  the  fimple  Velocity  and  Mafs  of  Mat¬ 
ter  conjointly  ;  we  were  told  ’twas  neceflary  to  diftin- 
guifli  the  Force  of  Bodies  into  twe^  Kinds,  viz  the 
Vis  [  h  a  or  Living  Force  and  the  Vis  Mortua,  or  the 
Dead  Force. 

6.  By  this  Vis  Viva,  or  Living  Force,  we  were  to 
apprehend  that  which  refulted  from  the  vifible  Adlion  of 
one  Body  upon. another,  as  that  of  a  falling  Weight ; 
but  the  Vis  Mortua  or  Dead  Force  was  to  be  underltood 
of  that  which  was  deftroy’d  by  a  contrary  Agent,  as  a 
Weight  in  one  Scale  of  a  Balance  is  kept  from  defeend- 
ing  by  a  Counter-Poife  in  the  other  Scale.  But  un¬ 
luckily  for  the  Author  of  this  Refinement,  both  thofe 
Forces  appear,  even  by  the  Balance,  to  be  in  the  Ra¬ 
tio  of  the  ftniple  Velocity  into  the  Mafs. 

7.  Thus 
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7.  Thus  for  the  Living  Force,  if  on  the  proportional 
Balance  you  place  \  lb,  at  the  Oiftance  of  6  Inches  on 
one  Side,  and  2  lb.  at  the  Diftance  of  12  Inches  on  the 
other  Side,  and  if  the  Balance  be  put  into  Motion, 
they  will  each  of  them  have  a  Vis  Viva^  or  an  a£Iive 
Force,  becaufe  they  will  keep  the  Beam  in  Motion  for 
fome  Time,  till,  by  militating,  they  murder  or  kill  each 
other ;  and  then  furely  enough  they  become  Vires  Mor- 
tux,  or  Dead  Forces. 

8.  But  let  us  fee  how  they  exerted  their  Power 
while  living.  One  (A)  a£Ied  againft  the  other  (B), 
with  the  Gravity  of  every  Particle  in  a  Mafs  of  4/L 
and  with  the  Velocity  in  each  Stroke  that  6  Inches 
Diftance  could  give ;  but  fince  all  allow  the  W eight  to 
be  as  the  Mafs  of  Matter,  and  the  Velocity  as  the  Dif¬ 
tance  from  the  Centre  of  Motion,  therefore  all  the 
Force  whiqh  A  exerted  was  as  4  X6  =  24.  In  the 
fame  Manner  it  is  Ihewn  the  whole  Force  of  B  adting 
againft  A,  was  as  2X12  =  24;  that  is,  in  each 
Cafe,  the  Force  was  as  the  Velocity  into  the  Mafs  of 
Matter.  And  becaufe  they  were  equal  they  deftroy’d 
each  other. 

9.  But  had  thofe  Combatants  A  and  B  been  armed 
with  Forces  proportioned  to  the  Squares  of  the  Velo¬ 
cities,  that  of  A  would  have  been  but  4X6X6=!  44; 
whilft  B  would  have  had  a  Force  equal  to  2  X  12  X 12  = 
288  ;  by  which  he  would  have  demoiiftied  A  at  one 
fmgle  Stroke,  and  been  the  lurviving  Conqueror. 

10.  Let  us  now  confider  thofe  two  Bodies  A  and  B 
as  dead,  an‘d  fee  what  Forces  they  exert  (Verbo  delur 
Venia)  in  that  State.  In  order  to  this  they  muft  be 
hung  upon  the  Arms  of  the  Balance,  one  on  each 
Side,  till  they  are  dead,  i.e.  motionlefs;  but  this  will 
not  happen  till  their  Diftances  from  the  Centre  of  Mo¬ 
tion  become  reciprocally  proportional  to  their  Mafles  of 
Matter;  and  then  ’tis  plain  the  Cale  is  the  fame  as  be¬ 
fore  ;  for  the  dead  Force  of  A  will  be  as  4X6=24—2 
X  I2=dead  Force  of  B.  Whereas  if  thefe  Forces  were 
as  the  Mafles  into  the  .Square  of  the  Velocities,  A  of 
4  lb.  and  B  of  2  lb.  ought  to  die  at  the  Diftances  6  and 
8,4  Inches  from  the  Centre  refpe£lively;  but  if  the  Ex¬ 
periment  be  tried  there,  fuch  ftrong  Symptoms  of  Lite 
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will  be  found  in  A,  as  manifefl:  the  Falfity  of  this  Hy- 
pothefis. 

1 1.  Being  driven  from  this  Subterfuge,  they  feek 
another  in  a  critical  Diftindlion  between  Force  and  Pref- 
fure.  Preffurcy  fay  they,  is  the  Pcfwer  with  which  Bo¬ 
dies  aft  by  Means  of  Infti  umcnts ;  thus  a  Weight  in 
one  Scale  afts  againft  the  Weight  in  another  by  Pref- 
fure  ;  but  the  Power  by  winch  Bodies  aft  on  each  other 
alone,  is  properly  call’d  Force,  as  when  one  Stone  ftrikes 
another  by  falling  on  it,  or  a  Hammer  ftrikes  an  An¬ 
vil.  The  former  they  allow  is  proportional  to  the  Ve¬ 
locity  and  Mafs  of  Matter  conjointly ;  but  the  latter, 
they  fay,  is  as  the  Mafs  multiplied  by  the  Square  of  the 
V  elocity. 

12.  But  this  Eclarcijfement  boots  them  as  little  as  the 
former,  if  they  mean  a  momentary  Impaft  or  Stroke, 
or  fuch  whofe  Effeft  is  produced  in  a  Moment  of  Time. 
For  in  fuch  a  Cafe  we  fay,  the  Stroke  is  in  Proportion 
to  the  Mafs  of  Matter,  and  alfo  to  the  Degree  of  Ve¬ 
locity,  and  therefore  as  both  conjointly ;  but  we  deny 
there  is  any  other  Source  of  Power  from  whence  a  Bo¬ 
dy  can  derive  any  Force  for  producing  a  momentary 
Eft'eft;  Nor  have  any  of  thofe  Gentlemen  been  able  to 
fhew  there  is,  though  fome  (bewilder’d  in  the  Laby¬ 
rinth)  have  attempted  it,  but  in  how  weak  and  ridicu¬ 
lous  a  Manner  may  be  feen  in  a  Piece  intituled  De 
Confervatiove  Virium  vlvarum,  he.  And ’tis  worth  the 
Reader’s  while  to  fee  the  jocular  Confutation  of  this 
ludicrous  Piece  by  Phileleuiheris  Lond  nefi/ia. 

1 3.  If  they  fay,  they  would  not  be  underftood  of 
momentaneous  Fffefts,  but  fuch  as  are  produced  in 
'l  ime,  then  they  have  no  Antagonifts.  And  ’tis  plain 
from  their  Experiments,  that  this  is  their  Meaning  after 
all.  P'or  the  Experiments  which  they  fo  much  infift 
on,  are  fuch  as  are  made  by  letting  Bodies  fall  on  foft 
Subttances,  as  Clay,  Butter,  &’c.  or  by  the  Aftion  of 
Bodies  on  yielding  Springs,  or  fpringy  Bodies  ;  in  all 
which  Cafes,  the  Effeft  is  not  produced  inftantaneoufly, 
but  in  Time  ;  the  Clay  takes  Time  to  recede,  the 

*  Spring  to  bend,  fife, 

14.  If  the  Time  be  taken  into  Confideration,  then 
every  Body  rauft  know  that  the  Effeft  will  be  propor¬ 
tional 


tional  to  the  Intenfity  of  the  Caufe,  and  the  Time  of 
its  Continuance  :  Thus,  for  Example,  the  EfFe6f  of 
Gravity  on  Bodies  left  to  themfelves  caufes  them  to 
defcend ;  their  Defcent  therefore  will  be  proportionate 
to  the  Power  of  Gravity  upon  them,  and  therefore 
greater  in  thofe  which  fall  freely,  than  in  others  which 
defcend  on  Inclined  Planes  in  a  given  Time,  where 
Part  of  the  Force  of  Gravity  is  deliroyed  by  the  Re- 
aftion  of  the  Plane.  But  fince  the  A6iion  of  Gravity  is 
not  inftantaneous,  but  continual,  therefore  its  EfFedt, 
i.  e.  the  Defcent  of  the  Body,  will  be  greater  in  Pro¬ 
portion  to  the  Time  of  its  continuing  to  a£k  on  the 
Body,  feparately  confider’d  from  its  intrinfic  Force. 
But  this  Force  is  as  the  Velocity  produced  by  it  in  a 
given  Time;  alfo  the  Time  is  as  the  Velocity,  when 
the  Force  is  given ;  therefore  the  EfFefl,  vi%.  the  De¬ 
fcent  of  the  Body,  is  as  the  Square  of  the  Velocity. 

15.  Or  in  Symbols  thus;  let  E  the  Effect  pro^ 
duced  by  any  Power  P,  acting  In  any  Space  of  Time 
=  T,  upon  any  Body  =:  Q_,  moving  with  any  De¬ 
gree  of  Velocity  V.  Then  ’tis  plain,  E  will  be  as 
Q.=  Mafs  of  Matter  in  the  Body,  When  P,  T,  and 
V,  are  given  ;  alfo  the  Effect  E  will  be  as  the  Intenfity 
of  the  Power P,  whenT,  Q,,  and  V  are  given;  again,^ 
when  P,  Q^,  T,  are  given,  E  muff:  be  as  V ;  and  laftly, 
we  fhall  have  E  as  T,  when  P,  Q_,  V,  are  given. 
Therefore  when  neither  of  thefe  are  given  E  :  Q^X  P  X 
V  X  T ;  and  in  cafe  of  any  different  Effect,  let 
e  :  q  X  p  X  V  X  i. 

16.  Then  fuppofing  the  Bodies  equal,  viz.  y, 
we  have  Y.  :  e  ^  V  ^  :  p  v  t.  Thus  the  fame  or  two 
equal  Bodies,  defeending  on  two  Planes  unequally  in¬ 
clined,  will  defcend  thro’  Spaces,  v/hich  will  be  as  the 
different  Powers  of  Gravity  P  and  />,  as  the  different 
Velocities  V  and  v  In  any  Point  of  Time,  and  as  the 
different  Times  T  and  t  of  their  Defcent,  conjointly. 

17.  If  not  only  the  Bodies  and  y,  but  alfo  the 
Powers  Pand  p  which  actuate  them,  be  fuppofed  equal, 
or  P  =  /> ;  then  E  ;  «  :  T  V  :  t  z/.  Thus  in  equal  Bo¬ 
dies  falling  freely  by  Gravity,  the  Effect,  or  the  Space 
which  they  deferibe,  will  lie  as  the  Time  X  and  t  of 
the  Falls,  the  Velocities  V  and -z;  at  any.  Point  of  Time 
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in  the  Fall.  And  becaufe  in  this  Cafe  the  Velocity  is 
always  proportional  to  the  Time,  that  is,  T  ;  /  ::  V  :  ; 

if  we  multiply  each  Ratio  by  the  fame  Ratio  V  :  v,  the 
Analogy  will  ftill  be  tlie  fame,  vtz  TV  :  t  v::  V'^  :  v’’'  ^ 
whence  P2  ;  ^  V^  :  v'’-;  or  the  Effect  of  falling  Bodies 
in  defcribing  the  Space,  will  be  as  the  Square  of  the 
Velocities. 

1 8.  If  we  fuppofe  the  Times  given,  that  is,  T  “ 
then  (the  Reft  as  before)  we  haveE  :  e  ziV  :v,  that  is, 
the.  Forces  or  Effects  of  equal  Bodies,  failing  in  equal 
Times,  are  proportional  to  the  Jitnple  F  lociiies. 

19.  If  V  =:  “y,  or  thelVelocities  given  ;  tlien  E  :  e  :: 
T  :  t.  Thus  if  two  equal  Bodies  lying  on  an  horizon¬ 
tal  Plane,  receive  a  Stroke  each  from  Springs  of  equal 
Force,  then  will  the  Velocities  be  equal  in  every  Hart 
of  the  Motion,  and  the  Effects  E  and  e,  in  this  Cafe, 
being  the  Spaces  dcfcribed,  will  be  as  the  Times  of 
their  Motion. 

20.  Hence  we  have  feen  every  poffible  Cafe  wherein 
the  Forces  of  Bodies  or  their  Effects  can  be  fuppofed  to 
vary;  and  ’tis  plain  there  is  none  where  the  Force  is 
as  the  Square  of  the  Velocity  but  where  the  Time  is 
concerned;  or  where  feme  one  of  the  Factors  Q_,  P, 
V,  T,  is  proportional  to  the  Velocity;  thus  in  Spout¬ 
ing  Water,  becaufe  Q_is  always  as  V,  therefore,  tho’ 
T  be  given,  E  will  be  as  Q_V,  or  as  V^  ;  for  P  alfo 
in  this  Cafe  is  given,  the  Power  of  Gravity  which 
gives  Motion  to  the  Particles  of  the  Fluid  being  always 
conftant. 

21.  Nor  have  they  any  Experiment  which  fhews  the 
Force  or  Effects  of  Bodies  proportional  to  the  Squares 
of  the  Velocities,  but  where  the  Time  in  which  the 
Effect  is  produced  ought  to  be  confider’d.  Thus  in 
their  famous  Experiment  of  Cavities,  formed  in  foft 
Clay  by  falling  Bodies,  ’tis  true,  thofe  Cavities  are 
the  Effect  of  the  falling  Bodies,  and  proportional  to 
the  Squares  of  the  Velocity.  But  what  is  this  to  the 
Purpofe,  unlefs  they  will  fay,  thofe  Pits  are  inftanta- 
neoufly  produced,  which  I  believe  nope  will  pretend  to 
do  ? 

22.  ’Tis  evident,  this  Cavity  muf^  be  proportional 
to  the  Quantity  of  Matter  put  in  Motion  in  the  Clay, 
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by  the  falling  Body;  but  this  is  proportional  to  the  Ve¬ 
locity  on  two  Accounts ;  the  firft  is,  that  every  Par¬ 
ticle  which  comes  in  Contact  with  the  Striking  Body, 
receives  a  Stroke  proportional  to  the  Velocity,  there¬ 
fore  alfo  the  Number  of  Particles  which  each  of  thefe 
can  move,  will  be  as  the  Force  of  the  Stroke,  or  as 
the  Velocity  of  the  falling  Body.  ^  Secondly,  among 
yielding  Particles,  the  Number  which  the  falling  Body 
can  apply  to  in  a  given  Time,  will  be  as  tr.e  Velocity  ; 
confequently  the  whole  Number  of  Particles  wlVich  cari 
be  moved,  both  immediately  by  the  Body  itfelf,  and 
by  the  Motion  communicated  to  the  Particles,  will 
be  as  the  square  of  the  Velocity;  and  therefore  the 
Cavity  wi  1  be  in  the  fame  Ratio  alfo. 

2-1.  We  hence  obferve,  the  fame  Method  of  Reafon- 
ing  may  be  applied  to  foft  and  yielding  Subftances,  as 
has  always  been  ufed  in  the  Cafe  of  unelaftic  Fluids  ; 
and  for  this  Reafon  only,  that  in  every  Cafe  of  yield¬ 
ing  Particles,  the  Effedt  of  a  Body  in  flrikmg  them  ts 
not  deftroy’d  momentaneoufly,  but  in  Time,  which 
Time  (cater  is  paribus)  will  be  as  the  Velocity ;  and 
therefore  E  being  as  TV,  and  T,  in  all  thefe  Cafes, 
being  as  V,  it  will  be  univerfally  for  all  foft  and  yield¬ 
ing  Subllances  E  :  V^. 

24.  Hence  we  may  obferve  that  as  Bodies  are  more 
or  lefs  yielding  or  foft,  fo  the  Eftha  will  be  more  or 
lefs  approaching  to  the  Ratio  of  the  Square  of  thy  Ve¬ 
locity.  1  his  Confideration  is  of  great  Ufe  in  mechani¬ 
cal  AfFairs.  Thus  a  Hammer  with  a  double  Velocity 
will  produce  much  more  than  a  double  Effea  in  driving  a 
Nail ;  the  fame  may  be  faidof  a  Rammer  driving  a  Pile  : 
Hence  the  Reafon  why  a  fmall  Hammer  will  by  its  V  e¬ 
locity  do  more  Execution  upon  red-hot  Iron,  than  the 
large  Hammer  by  its  Momentum.  In  fhort,  all  thele 
Things  are  fo  plain,  and  eafy  to  be  underftood,  th^at 
’tis  furprizing  to  think  how  fuch  a  Difpute  could  fubfilt 
fo  long,  and  occafion  fo  much  to  be  faid  about  it. 
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LECTURE  IV. 

Of  Hydrostatics  in  general.  Of  the 
Particles  of  a  Fluid,  the  Form,  Size, 
tSc.  ’ithe  Hydrostatic  Laws  of 
Fluids.  Of  the  Gravity  a7id  Pres¬ 
sure  of  Fluids,  ^he  Hydrostatic 
Paradox  demonfrated.  The  Ratio¬ 
nale  of  the  Swimming  and  Sinking  of 
Bodies  expomided.  Of  Absolute,  Re¬ 
lative,  a7id  Specific  Gravities  of 
Solids  a77d  Fluids.  The  Nature  a77d 
Use  of  the  Hydrometer  or  Water- 
Poise.  The  Nature,  Use,  and  new 
Structure  of  the  Hydrostatic-Ba¬ 
lance.  The  Common  Balance  i7?i^ 
proved  on  Hydrostatic  Principles. 

A  large  Table  ^Specific  Gravities. 
The  Quantity  of  Pressure  how  ejli~ 
mated.  The  Centre  of  Pressure  cal¬ 
culated.  Various  Hydrostatic  Pro¬ 
blems  in  Geometry,  Mechanics,  ^ 
Philosophy,  &c.  The  Usefulness  of  I 
Hydrostatic  Science.  The  Theory  ’ 
at  large  relating  to  the  Motion  of  Bo¬ 
dies  ■ 
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DIES  in  rejijiing  Mediums,  as  Air,  Wa¬ 
ter,  &c. 
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IYDROSTATICS  is  that  Part  of 
Philofophy  which  treats  of  the  Na¬ 
ture,  Gravity,  and  Preffure  of  Flu¬ 
ids.  Fluid  is  a  Sublfance  whofe  Particles 
yield  to  the  leafl:  partial  Preffure,  or  Force 
iniprefs’d.  And  hence  ’tis  reafonable  to 
infer,  that  thofe  Particles  muft  be  exceed- 
ing  fmall,  fmooth,  round,  and  ponderous 
Bodies;  and  obferve  all  the  Laws  of  Mo¬ 
tion  and  mutual  AdlicMi  in  common  with 
thofe  of  all  other  Matter  (L).  The  fol¬ 
lowing  are  the  Laws  and  Properties  of 
Fluid  Bodies. 


(L.)  I.  That  the  Chara£ters  of  a  Fluid  intended  in 
I  this  Definition  are  all  of  them  necellary,  will  appear 
from  what  follows.  The  firft  is,  that  they  are  I’xceed- 
ingfinall ;  for  that  the  Smallnefs  of  the  Particles  con¬ 
duces  to  Fluidity,  is  evident  from  hence,  that  the  Points 
of  Contact  between  Spheres  are  in  Proportion  to  their 
I  Diameters,  and  therefore  grow  lefs  with  the  Spheres, 
though  not  in  the  fame  Proportion.  And  the  lefs  the^’S* 
Points  of  Contadl,  the  lefs  will  be  the  Cohefion,  and 
of  courfe  the  greater  the  Difpofition  of  the  Particles  to 
Fluidity. 

2.  To  illuftrate  what  I  have  faid,  let  A  B  CD  be  a 
Sphere  infcribed  in  a  Cylinder  E  f'  G  H ;  it  is  denion- 
ftrated  by  Geometers,  that  the  Superficies  of  the  Sphere 
is  equal  to  the  curved  Surface  of  the  Cylinder,  and  that 
the  Superficies  of  any  Segment  of  the  Sphere  L  IT  '  I  is 
equal  to  the  correfpondent  Surface  I K  G  H  of  the  ( Cy¬ 
linder  j  if  therefore  the  Line  IK  move  on  till  it  coin- 

I.  All 
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I.  All  Fluids  are  incomprejjible^  except  Air  \  f 
or,  they  cannot  by  any  Force  be  comprejsd  in-  'i 

cides  with  H  G,  the  Superficies  of  the  Segment  of  the  J 
Sphere  L  D  M  will  become  the  Point  of  Contaa  with  , 
the  Plane  H  G,  and  that  of  the  Segment  of  the  Cyhn- 
der  I K  G  H  will  become  the  Periphery  of  the  Bafe  of 
the  Cylinder  ;  but  this  Periphery  of  the  Bafe  will  be  as  jl 
the  Diameter  H  G  of  the  Cylinder,  which  is  equal  to 
the  Diameter  of  the  Sphere  AC;  therefore  the  Point 
of  Contad  of  the  Sphere  with  the  Bafe  of  the  Cylinder, 
or  the  Plane  which  it  touches,  will  be  proportional  to  « 

its  Diameter:  whence  it  follows,  that  the  Point  or  J 

Contad  between  two  Spheres  will  be  in  Proportion  to 

their  Diameters.  .  .  i,  •  ,  r  J 

3.  The  fecond  CharaQertflic  q{  the  Particles  of  a 

Fluid  is,  that  they  are  fmooth ;  by  this  means  they  be- 
come  lubricous,  and  apt  to  flide^  or  move  by  each  other  i 
with  the  greatefl  Facility  and  freedom ;  and  therefore  > 
their  Difpofition  to  Fluidity  is  proportionably  promoted  » 
and  augmented  ;  for  want  of  this  Quality,  though  the 
Particles  of  Matter  were  poflefs’d  of  all  others  men-  j 
tion’d  in  the  Definition,  yet  would  they  never  conftitute  j 
a  Fluid,  fince  nothing  is  a  greater  Obftrudion  thereto,^  i 
than  Afperity  or  Roughnefs  of  the  Superficies.  ‘i 

4.  A  third  CharaSleriJlic  is  their  Roundnefs  or  Sphe-  fj 
ricity ;  for  the  more  fpherical  the  Particles,  the  fewer  j 
Points  they  touch  each  other  by,  and  the  lefs  the  1 
Points  of  Contad  are;  on  both  which  Accounts  the  ) 
Attradion  of  Cohefion  will  be  diminilhed,  and  their 
Difpofition  to  Fluidity  or  Volubility  will  be  increafed.  ' 

5.  The  fourth  CharaSlerifik  in  the  Definition  of  the  ,1 

Particles  of  a  Fluid  is,  that  they  are  ponderous  or  heavy  - 
Bodies.  By  this  Property,  Fluids  do  not  only  gravitate  i 
in  common  with  all  other  Sorts  of  Bodies,  but  alfothey  J 
derive  from  hence  a  Power  or  Force  of  Prefliire  peculiar  ^ 
to  themfelves  ;  and  by  that  means  ad  upon  Solids  in  a  j 
very  different  Manner  than  that  in  which  Solids  ad  4 
upon  each  other,  as  will  be  fhewn  farther  on.  j 


to 


to  a  lefs  Space  than  uohat  they  naturally  pof- 
fifii  as  is  proved  by  the  Florentine  Experi¬ 
ment  of  filling  a  Globe  of  Gold  with  Wa¬ 
ter,  which,  when  prefs’d  with  a  great  Force, 
caufes  the  Water  to  tranfude  or  iffue 
through  the  Pores  of  the  maffy  Gold,  in 
Form  of  Dew,  all  over  its  Surface  (Id.) 

6.  The  furprlzing  Subtilty  or  Minutenefs  of  the  Par¬ 
ticles  of  Fluids  deferves  our  farther  Speculation  and  Re¬ 
mark.  So  fmall  are  they,  as  to  efcape  the  Sight  affifted 
by  the  beft  of  Glaffts  ;  that  they  freely  pafs  through 
the  Pores  of  the  denfeft  Matter,  as  Gold^  &c.  that  they 
become  invifiblc  in  Vapour;  and  fo  light  as  to  rife  in 
Air,  yea,  in  Air  that  is  greatly  rarified  and  attenuated. 
And  it  is  well  known,  that  Water  has  its  Particles  fo 
very  fubtile  as  to  pafs  by  Ways  that  Air  will  not,  and 
perhap.":  is  exceeded  by  nothing  in  this  wondrous  Pro¬ 
perty,  but  the  Particles  of  Fire  and  ardent  Spirits. 

(LI.)  I.  “ITis  Experiment  muft  be  made  with  a 
Globe,  for  this  Reafon,  becaufe  a  Sphere  contains  a 
i  greater  Q^iantity  of  Matter  under  the  fame  Superficies, 
than  a  Body  of  any  Figure  whatfoever.  This  may  be 
made  appear  in  the  following  manner;  let  A  B,  BC, 

C  D,  and  A  D  be  four  Lines,  of  which  the  three  firft'^’S 
are  of  a  given  Length,  and  the  fourth  variable ;  and 
let  it  be  required  to  difpofe  them  in  fuch  a  manner  as 
to  comprehend  the  greatefi  Area  poffible. 

2.  Let  A  B  and  B  C  make  a  given  Angle  ABC; 
then  will  the  triangular  Space  A  C  B  be  given.  Upon 
C,  with  the  Radius  C  D,  defcribe  the  Semicircle  at)  e, 
then  ’tis  plain  the  other  Part  of  the  Area,  or  the  Tri¬ 
angle  made  by  the  Lines  A  C,  C  D,  and  A  D,  will 
be  greater  or  lefler,  according  to  the  Pofition  of  the  Line 
CD;  for  as  ’tis  made  CD  or  cr/,  the  variable  Line 
will  be  A  D  or  A  and  the  Triangle  form’d  will  be 

A  C 

A  C  D  or  A  C  whofe  Area  will  be - X  C  D,  or 
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11.  All  Fluids  gravitate,  or  weigh,  in  pro-  [ 
portion  to  their  ^antity  of  Matter  j  and  that  ' 
not  only  in  the  Air,  or  in  Vacuo,  but  in 

c  d,  (c  d  being  drawn  perpendicular  to  A  C  pro¬ 
duced.) 

3.  Now,  ’tis  evident  this  Triangle  will  bg  greateft, 
when  c  is  a  Maximum,  that  is,  when  it  becomes  CD  ;  'j 
and  confequently  the  Triangle  A  CD  is  the  greateft  ! 
poffible  when  CD  inak.es  a  Right  Angle  with  AC  ; 
and  in  this  Cafe  the  Point  C  is  in  a  Semicircle  de-  ,, 
fcribed  on  A  D  as  a  Diameter.  Therefore,  alfo  the  / 
other  Angle  B,  being  in  the  Semicircle  defcrlbed  on  the  | 
fame  Diameter  AB,  will  make  the  other  Part  of  the 
Trapezium  a  Maximum  ;  and  fo  the  whole  Trapezium  j] 
A  B  C  D  infcribed  in  a  Semicircle,  will  be  greater  than  d 
any  other,  whofe  three  Sides  A B,  B  C,  CD,  are  the  ,| 

fame.  it 

4.  Since  what  has  been  demonftrated  of  the  Trape- 
zium,  is  true  of  any  other  Polygonal  figures  (becaufe  j 
they  may  be  refolved  into  ’Trapezia)  and  fmce  the  Sides  jj 
of  a  Polygon,  when  infinitely  fmail,  do  coincide  with  3 

.  the  Circle;  therefore  the  Circle  is  the  moft  capacious  d 
Figure,  or  contains  the  greateft  Area  under  the  fame 


t 


■f  v': 

I 


Periphery.  _  ^ 

5.  For  Example;  fuppofe  a  String  C  were  difpofed , 

7  * 

into  the  Form  of  a  Circle;  then  as  22  :  7  ::  C  :  •— 

A  !•  1' 


yC: 


~  Diameter  of  the  Circle;  the  Radius  therefore  is  — — 

, 

and  fince  the  Area  of  a  Circle  is  equal  to  the  Periphery 

7  C  _  i 

multiplied  into  half  the  Radius,  therefore  C  X  ; 


7CC  _ 
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Area  of  the  Circle.  Again,  fuppofe  the  fames 


String  difpofed  in  the  Form  of  a  Square  ;  the  Side  would . 


c  cc 

be  and  the  Area  =  —7-;  hence  the  Area  of  the 
4.  I  © 


proprii 


froprio  Loco ;  or,  a  Fluid  weighs  the  fame 
communicating  with  a  Quantity  of  that 
Fluid,  as  in  Vacuo  ;  which  all  Philofophers 
(till  very  lately)  have  denied  (LII). 


Circle  would  be  to  that  of  the  Square 
■  7  *  I  , 

or  as  -Jo  to  that  is,  as  1 4  to  1 1 . 

CO  ID  ^ 


as 


'^_CC 
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CC 
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6.  Now  fince  a  Sphere  may  be  confider’d  as  made 
up  of  circular  Areas,  it  plainly  follows,  that  a  Sphere 
will  contain  a  greater  Quantity  of  Matter  under  the  fame 
Surface  than  any  other  Solid.  Thus  a  Sphere  will  be 
found  by  Calculation  to  be  more  than  twice  as  big  as 
a  Cube  of  the  fame  Surface;  and  therefore  the  Water 
contain’d  in  the  Globe  muft,  when  the  Figure  of  the 
Globe  was  alter’d,  be  either  comprefs’d  into  a  lefs 
Space,  or  make  its  Way  through  the  Pores  of  the 
Globe,  as  in  ti.e  Experiment  we  find  it  will  j  which 
therefore  evinces  its  Incemprejfibility. 

7.  Some  Philofophers  are  inclined  to  think  that  Wa-^ 
ter  is  not  abfolutely  incompreffible,  or  that  the  Particles 
thereof  do  not  touch  each  other;  but  are  kept  at  a 
Diftance  by  a  Centrifugal  Force  fuperior  to  any  Force 
we  can  apply  in  compreffing  them.  But  becaufe  this 
is  an  Hypothefts  that  has  fcarce  any  thing  more  than  bare 
poffibility  to  recommend  it,  at  leaft  nothing  is  offer’d 
to  render  it  probable  or  neceffary  ;  therefore  we  are  not 
to  admit  It  among  the  Principles  of  the  Newtonian  Phi- 
lofophy, 

(Lll.)  I.  That  Fluids  gravitate,  or  are  heavy.  In 
the  fame  Manner  with  Solids,  is  evident,  becaufe  the 
Earth’s  Attradion,  which  is  the  Caufe  of  Gravity, 
equally  affedls  the  Particles  of  all  Sorts  of  Matter;  and 
therefore  excites  the  fame  Endeavour  or  Tendency  to¬ 
wards  the  Centre  of  the  Earth  in  the  Particles  of  a 
Fluid,  as  in  thofe  of  a  folid  Body ;  and  this  is  what  we 
call  their  Abfolnte  Gravity. 

2.  Now  fmce  in  Fluids  of  the  fame  Kind,  as  Wa¬ 
ter,  all  the  Particles  are  reafonably  fuppofed  equal  and 

yi.  From 
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III.  From  the  Gravity  of  Fluids  arifes 


their  Freffurc^  which  is  always  proportional 


thereto  \  and  fince  we  may  fuppoie  all  the 
Particles  of  a  Fluid  to  have  equal  Bulk 
and  Weight,  the  Gravity  of  the  Fluid,  and 
confequently  its  PrelTure,  will  be  always 
proportio?ial  to  the  Altitude  or  Depth  thereoJ;\ 


alike  in  all  Circum fiances,  they  will  be  all  equally  af-|/ 
fefled  by  Attradion,  and  therefore  have  among  them- 

_  « w  •  ft.  .4  4*1*%  A  ^  4*  ^ 


felves  an  equal  Tendency  towards  the  Earth’s  Centre.’  | 
Whence,  fince  they  gravitate  equally,  if  they  are 
equally  obftru£led  in  their  Defcent  (as  by  the  Bottoms^ 
of  Veffels,  fsfr.j  they  will  all  retain  the  fame  Pofition,  I 
among  themfelves,  as  if  they  were  affc6led  by  no  Kind^ 
of  Power  at  all;  and  thus  they  are  faid  to  be  relatively ^  j 
at  Refti  or  in  a  State  of  ^ietus  among  themfelves, 

3.  Since  no  one  Particle  of  the  fame  Fluid  has  a  ’ 
greater  Share  of  the  attrafting  Power  than  another,  no  1 
one  will  tend  to  defeend  before  another;  and  therefore  * 
among  the  Particles  of  the  fame  Fluid,  there  is  no  fuch  j 
Thing  as  we  call  Relative  or  Reftdual  Gravity^  which  ■ 
is  nothing  but  the  Excefs  of  Gravity,  by  which  one  Body 
tends  downwards  more  than  another,  as  w’ill  be  more  fully 
explain’d  hereafter  (See  Annotat,  LVIll.) 

4.  Now  becaufe  Philofophers  found  that  a  Bucket 
of  Water  in  Water  weigh’d  nothing  (that  is,  that  there 
was  no  Relative  Gravity  in  Water)  they  very  ftrangely 
inferr’d  there  was  no  Abfolute  Gravity  of  any  Part  or 
Particle  of  Water,  whilft  it  remain’d  in  Water,  but 
only  became  heavy  when  taken  out,  or  feparated  from 
the  reft.  But  their  Miftake  is  eafily  evinced  by  the 
following  Experiment;  let  a  Bottle  or  Vial  with  Shot 
in  it  to  make  it  fink  in  Water  (when  clofe  corked)  be  ^ 
hung  at  the  End  of  a  nice  Balance,  and  then  immerfed  i 
into  a  Jar  of  Water ;  whil^  thus  hanging  in  Water,  let  . 
it  be  counterpoifed  very  exadly  by  W  eights  put  into  the 
Scale  at  the  other  End.  Then  pulling  out  the  Cork 
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i  Whence  the  Weight  and  Preflure  of  Flu- 
ids  on  the  Bottoms  of  VefTels,  &c.  muft 
be  equal. 

IV.  T^ke  Trejfure  oj  Fluids  upwards  is  p|^  ym. 
equal  to  the  PreJJure  downwards^  at  any  given  Fig.  i . 

I  Depth.  To  illuftrate  this,  and  the  fore¬ 
going  Propofition,  let  A  B  C  D  be  a  Vefiel 
of  Water,  whofe  Altitude  EF  fuppofe  to 
confift  of  a  Column  of  lo  aqueous  Par¬ 
ticles:  Then,  ’tis  evident,  the  firft  or  up- 
'  permofl  Particle  i  can  afFe6l  the  next  Par- 
i  tide  2  only  by  its  Weight  or  Preflure, 
which  therefore  is  as  i  j  and  fince  that 
Particle  2  is  immoveable,  and  Adion  and 
Re-adion  equal  and  contrary,  the  faid 
j  Particle  2  will  re-ad  upwards  upon  the 
Particle  i  with  a  Force  which  is  as  i.  In 
I  the  fame  manner  the  Particle  2  ads  on  the 
;  I  Particle  3  by  Preflure  downwards,  with  2 
|: 

I  the  Water  will  rufli  into  the  Bottle  and  deftroy  the 
Equilibrium^  by  caufing  the  End  of  the  Balance  to  de- 
fcend ;  which  will  be  a  plain  Proof  that  Water  has 
Weight  in  Water, 

5,  But  to  carry  this  Experiment  farther;  let  now  r 
the  Equilibrium  be  again  reftor’d,  by  adding  more 
j.  Weights  to  thofe  in  the  Scale  :  then  talcing  the  Bottle 
!-  out  of  the  Water  let  the  Water  be  pour’d  out,  and 
.  weigh’d,  and  the  Weight  will  be  found  exadfly  equal 
■  to  that  which  was  added  to  the  Scale  to  reftore  the 
Equilibrium  above-mention’d.  This  Ihews  that  Water 
(and  all  Fluids )  weigh  the  fame  in  their  own  Element  as 
•  tut  of  it. 

6  Degrees 


i 
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Degrees  of  Force,  arifmg  from  its  own 
Weight  and  that  of  the  Particle  above  it; 
and  accordingly  it  is  prefs’d  upwards  with 
an  equal  Force  by  the  Re-a6tion  of  the 
Particle  3 :  And  fo  of  all  the  reft.  Where¬ 
fore  the  Propofitions  are  manifeft. 

V.  The  Prejfure  is  lipon  all  Pdt'ticles  of 
the  Fluid  at  the  fame  Depth  equal  in  every 
Parti  or,  the  Particles  of  a  Fluids  at  the 
fame  Depths  prefs  each  other  every  %vay\  and 
in  all  Dirediions  equally.  For  if  any  Par¬ 
ticle  were  prefs’d  more  on  one  Part  than* 
another,  it  muft  give  way,  or  yield,  till 
the  Preflure  became  every  way  equal ;  o- 
therwife  an  inceflant  inteftine  Motion  of 
the  Particles  would  enfue,  which  is  abfurd, 
and  contrary  to  Experience  (LIII.) 

(LIII.)  I,  There  are  feveral  Ways  to  fliew  that  the 
Preflure  of  Fluids  is  every  Way  equal;  but  the  moft 
fimple  and  evident,  I  think,  is  by  taking  a  very  lonw 
Glafs  Tube  hermetically  feal’d  at  one  End,  and  im- 
nierfed  in  a  perpendicular  Pofition  with  the  open  End 
in  another  tall  Tube  or  Jar  of  Water ;  the  Air  in  the 
Tube  being  compreffible  will  yield  to  the  PrefTure  of 
the  Water  below,  and  admit  the  Water  to  rife  in  the 
Tube,  to  Heights  which  will  be  always  proportiftnal  to 
the  Altitudes  of  the  Fluid  above  it;  and  this  will  be 
the  Cafe  when  the  lower  Part  of  the  immerfed  Tube  is 
bent  into  a  Right  Angle,  that  the  W ater  may  come 
upon  it  laterally:  and  thence  it  will  appear  that  the 
Prepfure  of  Fluids  is  every  IP ay  e^ualy  and  proportional 
tt  the  Altitudes^ 
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VI.  From  the  mutual  PrelTure  and  equal 
Aflion  of  the  Particles  it  follows,  that  the 
Surface  oj  a  Fluid  muft  be  perfedlly  fmooth 


2.  This  lilcewife  may  be  fliewn  from  mechanical 
Principles,  for  let  the  Sphere  A  be  fupported  by 

others  in  an  horizontal  Pofition  B  and  C ;  join  the  ^  'S  3* 
Centres  g\  and  draw  the  Perpendicular  af\  let 
^  c  be  a  Tangent  to  the  Sphere  B  in  the  Point  r,  where 
the  Sphere  A  touches  and  prefles  it,  interfedling  the 
Perpendicular  af\ne',  and  let  a  e  exprefs  the  Force 
of  A  downwards  ;  then  fince  ae\s  refolvable  into  two 
Forces  ac  and  ce^  of  which  the  latter  being  in  the 
Tangent  to  B,  does  not  at  all  affedl  it,  and  the  other 
a  c  being  perpendicular  to  the  Surface  j  this  other  Force 
c  f  is  that  alone  by  which  the  Body  A  prefles  B. 

3.  But  fince  a  c  is  an  oblique  Force,  that  is,  neither 
perpendicular  nor  lateral,  let  it  be  refolved  into  the 
two  Forces  a  and  ^  r ;  of  which  the  former  is  per- 

,  pendicular,  and  fo  does  not  affedl  the  Body  B  in  prelT- 
,  ing  it  Tideways ;  but  the  other  d  c  being  in  an  horizon¬ 
tal  Dlredlion  is  all  the  Force  with  which  A  preflTes  B 
1  in  a  lateral  Diredtion  ;  but  fince  d  c  is  parallel  to  bf, 
we  have  ac  :  dc  ::  ab  \  fb  and  fince  the  Particles  of 
a  Fluid  are  equal,  we  have  fb  —  bc  —  ac\  therefore 
!  fb  —  t^ab^  and  confequently  dc  —  \ac\  that  is,  the 
I  Force  with  which  A  prejjes  B  laterally  is  jujl  half  the 
i  Force  with  tvhtch  it  prejfes  it  directly. 

I  4.  And  fince  by  the  third  Law  of  A-Iotion  the  Pref- 
fure  of  the  Sphere  D  upwards  is  equal  to  that  of  A  down¬ 
wards,  and  fo  the  Force  upon  the  Bodies  B  and  C  in  a 
lateral  Dirediion  is  the  fame,  that  is,  half  the  dlreSl 
Force  therefore  the  whole  Force  with  which  the  Body 
B  orC  is  urged  laterally  by  the  joint  Adtion  of  A  and  D 
is  equal  to  the  xuhole  Force  with  which  cither  of  them  ait  upon 
*  them  fingly.  From  what  has  been  faid,  it  appears,  that 
the  Force  with  which  the  Body  A  or  D  prefles  the 
Body  B  or  C,  is  lefs  than  the  Force  of  Gravity,  or 
j  that  by  which  they  adt  perpendicularly,  that  is,  a  c  is 
\  lefs  than  a  e. 
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*  and  evenr,  for  fhoi'ild  any  Part  ftand  higher 
than  the  reft  by  any  Force,  as  Attra6tion, 
&c.  it  would  immediately  fubfide  to  a  Le¬ 
vel  with  the  other  Part  by  the  Force  of  its 
own  Gravity,  when  that  Force  is  re¬ 
moved. 

VII.  The  Figure  of  the  Surface  of  all 
Fluids  is  fpherical  or  convex  j  for  all  the 
Particles  equally  gravitating  towards  the 
Centre  of  the  Eaith,  will  take  their  Places 
from  it  at  equal  Diftances  at  the  Surface, 
and  fo  form  a  Part  of  the  Superficies  of  a 
Sphere,  equal  to  the  Bulk  of  the  Earth 
(LIV). 

(LIV.)’i .  Befides  the  Reafon  of  the  Thing,  we  know 
by  Experiment,  that  the  Surface  of  large  Waters,  as 
thofe  of  the  Sea  or  Ocean,  is  convex  j  for  a  Perfon 
{landing  on  the  Shore,  and  viewing  a  Ship  under  Sail, 
diredlly  before  him,  will  lofe  Sight  thereof  by  Degrees, 
the  Hull  or  Body  of  the  Ship  firft  difappearing,  then 
the  lower  Parts  of  the  Mafts,  then  the  Tops  of  the 
PI  XIV  Mails,  and  laftly  the  Topof  the  tallettMaft ;  as 

p,.*  *  repreferited  at  A,  B,  C,  where  the  Ship  gradually  de- 

4*  feends  below  the  horizontal  Line  H  O,  or  Line  which 
bounds  the  Sight,  as  it  proceeds  on  the  convex  Surface 
of  the  Earth  from  A  to  C. 

2.  The  Reafon  why  we  fee  not  this  Convexity  in  the 
Surface  in  Fluids  of  fmall  Extent,  as  in  Veffels,  Ponds, 
iffc.  is  becaufe  the  Superficies  of  a  Sphere  fo  large  as 
that  of  the  Earth  will  fo  nearly  co-incide  with  a  Plane, 
for  a  certain  Space,  as  not  to  be  difcernable  from  it  j  and 
therefore  the  Surface  of  Fluids  within  that  Space  or 
Extent,  will  appear  plain,  or  nearly  fo  ;  and  what  that 
Extent  of  Surface  is,  as  the  Reader  may  be  curious  to 
know,  I  will  fhew  by  the  following  Calculation. 

VIII. 
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VIII.  Since  Fluids  prefs  equally  every 
Way,  the  Preflure  of  each  Particle  againft 
the  Side  of  a  VelTel  will  be  proportional 
to  its  Altitude  3  and  confequently  the  Pref- 
fures  of  the  Particles  i,  2,  3,  4,  &c.  of  a 
perpendicular  Column  againft  the  Side  BC 


3.  Let  A  C  be  the  Semidiameter  of  the  Earth  = 

4000  Miles,  or  2112C000  Feet;  (for  5280  make  one 
Mile)  AE  a  Part  of  the  Earth’s  Surface,  A  F  a  Tan¬ 
gent  thereto  at  the  Point  A.  Now  it  is  found  by  Ex¬ 
perience,  that  nothing  is  diftindfly  vifible  to  the  Eye  Pl-  XI\ 
that  does  not  fubtend  an  Angle  of  one  Minute  at  lealt.  Fig.  5. 
Let  B  D  then  be  the  leaft  Dilfance  between  the  Con¬ 
vex  Surface  AE,  and  the  Tangent  Line  AF,  that  is 
difcernable  to  the  Eye  at  A ;  then  will  DAB,  con¬ 
tain’d  between  the  Tangent  and  the  Chord  A  B,  be  one 
Minute.  If  now  on  A  B  we  let  fall  the  Perpendicu¬ 
lar  C  G,  then  in  the  right-angled  Triangle  AGC,  we 
have  all  the  Angles  given,, and  the  Side  A  C,  to  find 
the  Side  A  G.  For  fince  D  A  C  is  a  Right  Angle,  and 
D  A  B  =  I  Minute,  the  Angle  G  A  C  =  8g°  59' ;  and 
therefore  the  Angle  A  C  G  =  l  Minute  alfo.  There¬ 
fore  we  fay. 

As  Radius  90° 

Is  to  the  Angle  A  C  G  i  Minute 
So  is  the  Side  A  C  =:  21120000 
To  the  Side  AG—  ^^44 


4.  But  2  AG  =:  AB  12288  Feet,  which  is  a 
little  more  than  two  Miles  and  a  Quarter;  and  there¬ 
fore,  unlefs  the  Surface  of  Water  be  more  than  two 
Miles  extent,  it  will  not  appear  diiFerent  from  a  Plane  ; 
the*  Diftance  D  B  being  in  any  lefs  Extent  infenfible. 
Hence  a  Ship  on  the 
and  a  Quarter  before  we  fenfibly  lofe  Sight  of  any  Part, 
becaufe  till  then  fire  will  feem  to  be  failing  on 
Plane. 

S  2  Vvilb 
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will  be  as  a  Series  of  Numbers  in  Arith¬ 
metical  Progrellion,  whofe  firft  Term  is  oj 
therefore  the  Sum  oJ  all  the  Prejfures  is  equal 
to  the  Number  oj  Prejfures  multiplied  by  half 
the  greateft  Preffire :  But  the  Number  of 
Preffures  is  as  the  N umber  of  Particles,  or 
Altitude  of  the  Fluid  BC;  alfo  the  greateft 
Preftlire  is  as  the  fame  Altitude :  Wherefore 
the  total  PreJJiire  againji  the  Side  of  a  Vejfel 
is  as  the  Square  of  the  Altitude  oj  the  Fluid 
(LV). 

(LV.)  r.  That  the  perpendicular  Preflure  of  Fluids 
on  the  Bottoms  of  Veflels  is  eftimated  by  the  Area  of  the 
Bottom  multiplied  by  the  Altitude  of  the  Fluids  is  evident, 

1  fuppofe,  to  every  Reader.  For  fuppofe  a  Veflel  were 

2  Feet  wide,  3  Feet  long,  and  4  Feet  deep,  and  fill’d 

with  Water  to  the  Brim  ;  then  the  Area  of  the  Bottom 
is  2X  3  =  6  fquare  Feet,  and  every  fquare  Foot  be¬ 
ing  prefs’d  by  the  Column  of  Water,  containing  4 
cubic  Feet,  ’tis  plain  the  whole  Bottom  will  be  prefs’d 
by  6  X  4  24  cubic  Feet,  that  is,  by  the  whole  Num¬ 

ber  of  cubic  Feet  which  the  Veflel  contains. 

2.  But  the  Quantity  of  the  lateral  Preflure,  or  that 
againfl:  the  Side  of  the  Veflel,  is  not  fo  obvious  j  yet 
^mong  the  feveral  W ays  of  computing  it,  I  think  none 
Jo  eafy,  natural,  and  univerfal,  as  that  I  have  men¬ 
tion’d,  viz.  by  confidering  it  in  a  Angle  Column  of 
Particles,  as  a  Series  of  Quantities  in  Arithmetical  Fro- 
grejfton,  becaufe  this  depends  entirely  on  the  Angle  Prin¬ 
ciple  already  eftablifhed,  viz.  that  the  Asion  or  Prejfure 
of  Fluid  Particles  is  every  IPay  equal.  By  which  I  lhall 
endeavour  farther  to  illuftrate  this  Matter,  and  facilitate 
the  Method  of  Computation. 

3.  Upon  the  uppermoft  Surface  of  the  firft  Particle  r, 
^hich  coincides  with  the  Surface  of  the  Fluid,  there  is 

IX.  Hence 

j 

f 
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IX.  Hence  if  the  Veflel  AC  be  of  a  PI-  XV. 
Cubical  Form,  the  Preflure  againft  a  Side.^'S- 1- 


no  Gravity,  and  confequently  no  Preflure  ;  therefore 
the  Beginning  of  the  Series,  or  firfl:  Term  is  o,  or  no¬ 
thing.  The  Body  of  the  firfl  Particle  prefTes  the  fecond 
Particle  2  with  its  own  Weight  which  is  as  i,  and  it 
I  prefles  the  Side  of  the  Veflel  with  the  fame  Force,  and 
therefore  the  fecondTerm  of  the  Series  will  be  i.  The 
fecond  Particle  prefles  the  third  Particle  3  with  the 
Fore  of  its  own  Weight,  and  the  Weight  of  that 
above  it,  that  is,  with  a  Force  as  2  ;  and  fince  it  prefles 
the  Side  of  the  Veflel  with  the  fame  Force,  the  third 
Term  of  the  Series  will  be  2.  After  the  fame  Manner 
it  is  fhewn,  that  the  fourth  Term  will  be  3,  the  fifth 
Term  4,  and  fo  on.  Whence  ’tis  evident  the  feveral 
Prefllires  will  be  as  the  Series,  0,  i,  2,  3,  4,  5,  6, 

7,  8,  9,  10,  &c. 

'  '  .  4.  Now  that  the  Sum  of  fuch  a  Series  is  equal  to 
■:  :  the  greateft  Term  multiplied  by  half  the  Number  of 
■'  Terms,  is  known  to  every  Perfon  verfed  in  common 
..  Arithmetick,  and  may  be  eafily  fhewn  by  an  Example. 

-For  fuppofe  the  Series  were  o,  i,  2,  3,  4,  5,  6,  7, 

8,  9,  10,  II,  then  the  Number  of  Terms  is  12,  and 
j  the  half  thereof  6  j  alfo  the  greateft  Term  is  ii  ;  but 

6Xii=i-}-24-3+4-f-5-{-6-}-7+8-f-9-j- 
1  10  -{-  1 1  =  66  —  the  total  Preflhre  againft  the  Side  of 

‘  the  Veflel.  Now  this  is  manifeftly  but  half  the  PrefTure 
j,  upon  a  Line  of  the  fame  Length  in  the  Bottom  of  the 
l  ■  Veflel,  viz.  a  Line  of  12  Particles,  for  fince  each  Point 
I  i  fuftains  the  Preflure  of  1 1  Particles,  the  whole  muft  be 
12  X  1 1  =  132. 

I,  '  5.  It  may  here  be  objefted  that  I  have  taken  12  Par- 

tides  in  a  Line  at  the  Bottom,  whereas  there  is  but  i  r 
j!  at  the  Side,  and  therefore  the  Length  of  the  Side  and 
!  Bottom  is  not  the  fame,  as  in  the  Suppofition  we  make 
J  -  it.  But  it  is  to  be  confider’d,  that  when  the  Particles 
I  are  fuppos’d  indefinitely  fmall  and  numerous,  as  is  the 
real  Cafe  of  Fluids,  the  Difference  of  Lengih  occa- 
h;  fion’d  by  one  fingle  Particle  will  be  infinitely  fmall, 
and  therefore  will  make  no  Error  in  the  Computation. 

S3  BC 
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B  C  is  half  that  upon  the  Bottom  C  D  ; 
and  confequently,  the  total  Prejfure  agai7ifi 

6.  Let  the  Sum  of  all  the  Preflures,  or  the  total  Pref- 
fure  againfl;  the  Side  of  a  Veflel,  be  reprefented  by  S, 
the' Number  cf  7'erms  in  the  Series  by  N,  and  the 
greateft  Term  by  G  ;  then  fince  S  =4  NG,  and  fince 
N  and  G  are  ever  proportional  to  each  other,  we  (hall 
have  S  as  I  N  N,  or  2  S  as  ;  and  iince  Halves 
are  in  the  fame  Ratio  with  their  Wholes,  we  have  S 
as  N’’  ;  that  is,  the  Sum  or  total  Frejjure  will  be  as  the 
Square  of  the  Number  of  Terms,  or  Altitude  of  the  Fluid. 

7.  For  Example,  in  the  above  Series,  if  we  take  the 
Sum  of4  Terms,  it  will  be  o-f-i-f  2-f-3=6 ;  and  then 
of  8  Terms,  the  Sum  will  be 

H-7  28,  which  is  4  Times  6,  and  4  over.  Now 

thefe  Sums  ought  to  be  as  i  104,  becaule  the  Altitudes 
were  as  i  to  2  ;  and  tho’  the  Sum  of  any  Number  of 
Terms  will  always  be  a  little  more  than  4  Times  the 
Sum  of  half  that  Number  of  Terms  in  this  Way  of 
computing,  yet  when  the  Number  comes  to  be  exceed¬ 
ing  great,  the  Excefs  will  become  indefinitely  fmall, 
and  therefore  may  be  negledied  in  the  Cafe  of  Fluids. 

8.  Or  yet  more  clearly  and  accurately  in  Symbols 
thus  ;  fince  S  is  always  as  ^  GN  or  as  GN ;  and  in 
the  Series  above  adapted  to  Fluids, Gi=N — I,  therefore 
GN:=NN — N;  and  fo  S  will  always  be  as  NN — N;  but 
when  N  is  indefinitely  great,  N^  will  be  infinitely  greater 
than  N,  which  therefore  will  vanifh  in  that  Cafe  in  the 
Expreffion  N  N —  N  ;  and  fo  S  will  ever  be  as  N', 
that  is,  the  Sum  or  total  PrcfTure  will  be  as  the  Square 
of  the  Altitud-e  of  the  Fluid. 

g.  This  Way  of  confidering  the  Quantity  of  lateral 
Prefiure  by  the  Arithmetical  Series  is  univerfal,  whereas 
the  common  Method  reftrains  it  to  the  Property  of  an 
equicrural  right-angled  Triangle,  and  to  a  Veffel  of  a 
cubical  Form;  which  I  fhall  here  give  for  the  fake  of 
fuch  as  would  fee  the  Demonftration  of  a  Thing  in  fe- 
veral  Ways.  ABCD  is  a  V^effel  of  a  cubical  Form,  that 
is,  whofe  Side  BC  is  equal  to  the  Length  of  the  Bot¬ 
tom  CD;  if  then  the  Diagonal  B  D  be  drawn,  we 
fh^ll  have  the  Lines  2bz=.B2,  3^=63,  d  4. 
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the  Sides  and  Bottom  is  equal  to  three  times 
the  Weight  of  the  Fluid  on  the  Bottom  of  fuch 
a  Vejjel, 

=B  4>  but  B  I,  B  2,  B  3,  B  4,  being  as 
the  Altitudes  of  the  Fluid,  will  repreient  the  lateral 
PrelTures  in  the  Points  i,  2,  3,  4,  isc.  therefore  alfo 
the  Lines  <21,  b  1^  ^  3,  <2^4,  istc.  will  reprefent  the 
fame  lateral  PrelTures;  hence  when  the  Diftances 
B  I,  12,  23,  34,  are  indefinitely  fmall,  the 
Lines  a  1,  b  2,  c  d  4.,  &'c.  will  be  infinitely 
near  each  other ;  and  lb  all  thofe  Lines  drawn  in  the 
Triangle  BCD  will  make  the  Area  of  that  Triangle. 
Therefore  the  Sum  of  all  the  lateral  PrelTure  againft  the 
Side  BC,  will  be  as  the  Area  of  that  Triangle.  But 
the  Area  of  the  Triangle  BCD  is  as  the  Square  of  the 
Side  B  C,  as  we  know  from  the  Elements  of  Geometry. 
Confequently,  the  Sum  of  all  the  lateral  PrelTures  is  as 
the  Square  of  the  Altitude  of  the  Fluid  BC.  ^  E.^D. 

10.  Now  the  PrelTure  on  the  Bottom  of  the  VelTel 
CD  being  equal  to  C  D  X  B  C,  and  the  Area  of  the 
Triangle  B  D  C  being  equal  ro  BC  C  D  ;  ’tis 
plain,  the  Sum  of  all  the  lateral  PrelTures  againft  any 
one  Side,  is  equal  to  but  half  the  PrelTures  on  the  Bot¬ 
tom  of  fuch  a  VelTel ;  and  fo  the  Sum  of  all  the  Pref- 
fures  againft  the  four  Sides  is  twice  that  upon  the  Bot¬ 
tom  ;  and  that  the  v;hole  Force  of  the  Fluid  is  equal  to 
three  Times  the  Force  of  its  Gravity. 

11.  Hence  we  fee  how  very  differently  Fluids  aSI 
from  Solids,  which  ail  upon  each  other  by  their  Gra¬ 
vity  only,  whereas  Fluids  act  by  Gravit)!  and  by  Pref- 
fure  jointly.  Solids  aft  only  downwards,  but  Fluids 
every  way  equally.  Solids  aft  with  a  Force  proportio¬ 
nal  to  their  Quantity  of  Matter,  but  the  Force  of  Fluids 
is  not  according  to  theirQuantity,  but  their  Altitude  only. 

12.  The  Quantity  of  PrelTure  on  the  Bottom  of 
VelTels,  or  Planes  oblique  to  the  Horizon,  iseafilyefti- 
mated  from  what  has  been  faid  above;  for  let  A  K  be 
fuch  an  inclined  Plane,  and  AE  the  Surface  of  the  Wa¬ 
ter  ;  then  will  the  PrelTure  upon  the  Points  A,  G,  H, 
I,  K,  be  as  the  Altitudes  BG,  CH,  DI,  EK.  If  now 
on  the  faid  Points  we  ereft  the  Perpendiculars  G  Z>,  H  r, 

S  4  ,  X.  The 
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.XV.  X.  The  Weight,  Prejfure,  or  EffeSi  of 
a  Fluid  upon  the  Bottom  of  any  Vejfel 

\d,  &c.  equal  to  thofe  Altitudes  refpedively,  and  fup- 
pofe  the  fame  Thing  done  for  every  other  Point  in  the 
I/ine  AK,  ’tis  evident  the  Triangle  A  ^  K  will  be  as 
the  whole  PrefTure  on  the  Line  A  K.  But  the  faid 
Triangle  is  equal  to  AK  X  4:^K  ;  and  fuppofing  AG 
z=GH  =  HI=:IK,  and  cf  drawn  parallel  to  AK  ;  we 
(hall  have  \  e  K=/'K=:fH— CH;  therefore  AKXCH, 
will  be  as  the  total  PrefTure  on  the  Line  AK., 

13.  If  AK  were  the  Se£lion  of  a  Plane,  then  the 

Surface  of  that  Plane  multiplied  by  CH,  will  be  the  Ex- 
preffion  for  all  the  PrefTure  on  that  Plane,  provided  CH 
be  the  Depth  of  the  Centre  of  Gravity  H,  from  the  ' 
Surface  of  Water.  But  to  give  a  more  general  Theo¬ 
rem  of  the  above  Rule,  let  a,  b,  be  two  Weights  hang¬ 
ing  from  an  horizontal  Plane,  at  the  Diftances  ac,  b  d', 
and  join  their  Centres  by  the  Line  a  b,  and  let  x  be 
their  common  Centre  of  Gravity,  and  x  0  its  Diftance 
from  the  Plane  c  d,  perpendicular  to  which  draw  a  y  and 
bz\  then  fince  a'.b  ::  bx'.ax,hy  theProperty  of  the  com¬ 
mon  Centre  of  Gravity  ;  and  by  fimilar  Triangles  we 
have  b  x:  ax  :  :  xz:  xy.  Therefore  a  X  ^  X 

X  z  j  but  X  y  X  0 — y  O—x  c—a  c  ;  and  x  z  =:  z  0  — 
xo—b  d—x  0 ;  therefore  aXx  0  —  a  c—hX  bd—xo  ; 
that  is,  aXac-\-bXbd— a-\-bXxo.  That  is, 
jn  Words,  The  ProduSi  of  the  Weights  multiplied  by  their 
Dijianees  frtm  the  Plane  is  equal  to  their  Sum  multiplied 
by  the  Dijiance  of  their  common  Centre  of  Gravity  from  the 
Plane. 

14.  Now  that  this  holds  true  in  Lines  and  Planes  is 
evident,  becaufe  the  indefinitely  fmall  Particles  of  Lines 
and  Planes  may  be  confider’d  as  very  fmall  Weights, 
and  as  what  has  been  demonftrated  of  two,  holds  e- 
qually  for  all,  therefore  the  above  Rule  is  applicable 
to  all  Sorts  of  Surfaces,  or  the  PrefTure  upon  the  Bot¬ 
toms  of  VefTels,  however  pofited  or  figured,  may  be 
exadlly  computed  thereby. 

15.  1  hus  fuppofe  A  B  C  D  E  F  reprefent  a  Vefiel  of 
a  Prifmatic  Form,  whofe  Bottom  is  an  oblique  trian. 

ACDEF, 
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:  ACDEF,  is  proportional  to  the  Altitude 
AE  only^  and  not  to  the  ^antity  of  the  Fluid 

gular  Plane  D  E  F,  in  which  let  F  G  be  drawn  perpen¬ 
dicular  to  the  Bafe  DE,  then  if  we  make  F  ;  x  G  :  2  PI.  XIV. 
:  I,  the  Point  x  will  be  the  Centre  of  Gravity  of  the  Fig.  7. 
Plane,  and  xo  its  perpendicular  Depth  from  the  Surface 
of  the  Fluid  ABC,  when  the  VelTel  is  fill’d  with  Wa¬ 
ter.  Now  fuppofe  AF  =  I  Foot  ;  F  G  =  6  Feet ; 

E  D  =  2  Feet ;  CE  =  HG  =  3  Feet ;  and  let  the 
Plane  F^  c  be  parallel  to  the  Surface  of  the  Fluid  ACB. 

Then  we  have  FGtFiv::  Gh  •.  x  a  that  is  6  :  4  ::  2 
;  i-f  =A;a  ;  therefore  x a  ao  —  x  0  ■=.  zf  Feet,  the 
Depth  of  the  Centre  of  Gravity  of  the  Triangle  FED 
whofe  Area  isFGXEG~6Xizz:6  fquare  Feet. 
Therefore  6  X  2^  —  14.  Cubic  Feet  of  Water,  whofe 
Weight  is  equal  to  the  PrelTure  on  the  Bottom  of  the 
VefTel. 

1 6.  Thus  in  cafe  of  a  Cylindric  Vefiel  whofe  Bottom 
is  either  an  Ellipfis,  a  Cone,  a  Segment  of  a  Sphere, 
is’r.  if  the  Quantity  of  the  Surface,  and  Centre  of  Gra¬ 
vity  be  found,  the  Content  of  the  Vefiel  is  then  known 
by  the  Rule  above.  Thus  alfo  if  the  Surface  of  the 
Side  of  any  Vefiel  in  any  Form  or  Pofition  be  multiply- 
ed  by  the  Depth  of  the  Centre  of  Gravity,  the  Produdl 
will  be  the  Number  of  Cubic  Feet,  whofe  Weight  is 
equal  to  the  PrelTure  on  fuch  a  Side  or  Surface.  And 
fince  a  cubic  Foot  of  Water  weighs  1000  Ounces, 

,  or  62 1 /^.  A verdupoife  Weight,  the  Quantity  ofPref- 

'  fure  may  be  eafily  exprefs’d  in  any  Denomination  of 
Weight,  as  will  be  more  particularly  Ihewn  hereafter. 

17.  One  Thing  more  the  Reader  Ihould  be  appriz’d 
of,  and  that  is  the  Centre  of  Prejfure,  which  is  that 
Point  in  which  we  may  conceive  the  whole  PrelTure  to 
be  concenter’d  or  united  ;  or  to  which  if  a  Force  were 

’  applied  equal  to  the  whole  PrelTure,  and  adling  in  a 

contrary  Direction,  it  would  exadily  balance  or  reftrain  Fig,  8. 
the  Effedl;  of  the  PrelTure  ;  or  it  would  keep  the  Plane 
(  otherwife  free  to  move )  in  Equllibrw  with  the  total 
PrelTure,  unequally  diftributed  over  all  its  Parts.  Thus 
if  ABCD  be  a  VelTcl  of  Water,  and  the  PrelTure  on  the 
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w  the  Vejfel :  For  every  Column  of  Par¬ 
ticles  G  H,  which  preffes  downwards  oh 


Side  AB  be  equal  to  twenty  Pounds ;  if  a  be  the  Cen¬ 
ter  of  Prellure,  and  a  String  a  b  c  were  fix’d  thereto  go¬ 
ing  over  the  Pully  b,  and  fuftaining  a  Weight  c  of 
twenty  Pounds,  then  would  the  Side  A  B  be  kept  in 
Equilibrio  by  thofe  two  equal  and  oppofite  Powers. 

1 8.  Now  the  Centre  of  Prejfure  is  the  fame  as  the 
Centre  of  Percujfton,  as  is  evident  from  hence,  that  in 
Fig.  5*  the  Line  A  K  the  perculEve  Force  of  every  Point 
G,  H,  I,  K,  is  as  the  Velocity,  that  is,  as  the  Di- 
ftance  AG,  AH,  AI,  AK  from  the  Point  A  confider- 
ed  as  the  Point  of  Sufpenfion.  But  thofe  Diftances  are 
as  the  Altitudes  GB,  HC,  ID,  KE,  which  are  as  the 
PrefTures  on  the  forefaid  Points  ;  Therefore  fince  the 
Prefiures  and  pcrcuffive  Forces  are  always  alike,  the 
Centre  of  one  muft  be  the  fame  with  that  of  the  other, 
but  the  Centre  of  Percuffion  of  the  Line  AB  is  two 
Thirds  of  its  Length  diltant  from  the  Point  of  Sufpen¬ 
fion  A,  therefore  alfo  the  Diftance  of  the  Centre  of 
Preflure  «  is  |  of  the  Side  AB  below  the  Surface  of  the 
Water.  See  Annot.  XXIX. 

Scholium. 

ig.  The  Reafon  v/hy  a  greater  Force  of  Preflure  Is 
allow’d  to  an  oblique  Plane  or  Bottom  of  a  VelTel  than 
what  is  equal  to  the  Gravity  of  the  Fluid,  is  this,  that 
every  Point  in  the  Line  A  K  is  prefs’d  with  a  perpendi¬ 
cular  and  lateral  Force  at  the  fame  Time,  and  by  both 
obliquely  ;  and  of  thofe  two  oblique  Forces,  or  Prefiures, 
one  direei  Force  is  compounded,  which  is  greater  than 
either,  and  a£fs  in  a  DirecElion  perpendicular  to  the 
Plane.  But  fince  both  the  oblique  Prefiures  are  always  as 
the  Depth  of  the  Fluid,  the  diredl  compound  Preflure 
will  be  in  the  fame  Ratio  likewife.  Hence  as  there  is 
a  greater  Number  of  Points  in  the  Line  AK  than  in  the 
Line  AE,  and  each  is  prefs’d  perpendicularly  with  a 
Force  proportional  to  the  Depth,  ’tis  necefiary  that  we 
eftimate  the  whole  Force  by  the  Area  of  the  Triangle 
A  «  K,  and  not  of  A  E  K,  as  we  mufl:  have  done  if 
Fluids  prefs’d  likd  Solids  by  their  Gravity  only- 
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the  Side  of  the  Vefiel  EF,  has  its  Force  de- 
ftroyed  by  the  equal  Re-a(51:ion  of  the  fub- 
jacent  Particle  H  in  the  Side,  and  fo  cannot 
at  all  afFe£l  the  Bottom  of  theVeflel.  x-lgain ; 
the  Prelfure  of  any  Column  of  Particles 
LM  upward^,  againfi:  the  Side  of  any 
Veflel  CD,  is  equally  re-acted  by  the  Par¬ 
ticle  of  the  Veffel  over  it,  and  fo  its  Force 
or  Prelfure  on  the  Bottom  mull  be  the 
fame  as  that  of  another  Column  of  Par¬ 
ticles  AB  of  equal  Altitude  with  the  Fluid: 
Whence  the  Propofition  is  evident  (LVI.) 

(LVI.)  i.There  is  nothing  in  the  Explication  of  the 
Hydroftatic  Paradox  difficult  to  be  underftood,  but  the 
Manner  how  the  Point  M  comes  to  be  prefTed  with  the 
fame  Force  as  the  Point  B,  which  has  the  whole  Height 
of  the  Fluid  above  it.  But  this  Difficulty  will  foon  va- 
nifti  when  we  confider  that  the  Preffure  ammg  the  Par¬ 
ticles  of  a  Fluid  at  the  fame  Depth  is  every  IVay  equal ; 
therefore  if  LH  be  parallei  to  the  Bottom  D  E,  ’tis 
plain  there  will  be  the  fame  Preffure  upwards  in  every 
Particle  H,  I,  Q_,  L,  as  there  is  downwards,  and  e- 
very  where  as  the  Altitude  A  1.  The  Particle  at  L 
therefore  preffes  upwards  againft  a  Particle  in  the  Side 
of  the  Veffel  with  a  Force  equal  to  the  Weight  of  the 
Column  of  Particles  AI,  which  Force  is  deftroyed  by 
the  equal  Re-a6lion  of  that  Particle  in  the  Side  of  the 
Veffel.  The  fame  Fluid  Particle  L  alfo  preffes  the 
Particle  immediately  beneath  it  in  the  Column  ML 
with  the  fame  Force,  which  added  to  the  Weight  of  the 
Column  LM  makes  the  fame  Preffure  on  the  Point  M, 
as  there  is  on  the  Point  B  arifmg  from  the  Preffure 
on  the  two  Parts  AI-}-IB. 

2.  That  the  Preffure  upward  at  the  Point  L  is  equal 
to  the  Weight  of  the  Column  AI,  is  evident  from 
hence,  that  if  it  be  removed  (that  is,  if  a  fmall  Hole 
be  there  made)  the  Fluid  will  from  thence  be  thrown 
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XII.  Hence  a  very  fmall  ^antity  of  a 
Fluidy  as  APRS,  may  be  made  to  counter- 

up  in  Form  of  a  Jet  d'Eau  to  the  Height  of  T  nearly, 
which  is  in  the  fame  horizontal  Line  with  the  Point  A, 
or  Level  of  the  Fluid.  All  which  well  confider’d 
is,  I  prefume,  fufficient  to  evince  that  the  Preflure  on 
the  Point  M  and  every  other  Point  in  the  Line  D  E  is 
the  fame  with  that  on  the  Point  B. 

3.  From  what  we  have  faid,  ’tis  alfo  plain,  that  the 
Top  of  the  Veflel  CN  RF  is  prefs’d  upwards  with  a 
Force  every  where  proportional  to  the  Altitude  of  the 
Fluid  AP,  which  Force  of  Preflure  upon  the  whole  Sur¬ 
face  is  equal  to  the  Weight  of  a  Body  of  Fluid  of  the 
fame  Bafe,  and  whofe  Altitude  is  AP.  The  Sides  alfo 
are  prefs’d  every  where  outwards  with  a  Force  propor¬ 
tional  to  the  Altitude  of  the  Water,  and  in  the  fame 
Manner  as  they  would  be  at  the  Depth  were  the  Fluid 
every  where  of  the  fame  Bulk  as  in  the  Body  of  the  Vef- 
fel,  and  of  the  fame  Altitude  as  at  A. 
ri  Aiv  .  4*  Confequence  of  this  will  be,  that  if  an  Tn- 

Fiff  Q  ftrument  be  contrived  with  a  Bottom  AB  and  Top  CD 
®*  connected  with  pliant  prepared  Leather  EF,  fo  as  to  be 
Water-tight,  and  if  in  the  Middle  of  the  upper  Part  at 
G  be  inferted  a  fmall  Tube  GH,  and  Water  pour’d  in 
fo  as  to  raife  the  upper  Part  DC  that  it  may  float  free¬ 
ly  on  the  Surface  of  the  contain’d  Water,  then  any 
Weight  I,  laid  thereon  will  caufe  the  Water  to  rife  fo 
high  in  the  fmall  T ube  as  will  be  equal  to  the  Height  of 
a  Cylinder  of  Water  of  the  fame  Bafe  D  E,  and  whofe 
Weight  will  be  equal  to  that  laid  on  ;  and  if  another 
Weight  K  be  added,  it  will  raife  the  Water  to  twice 
the  Height  in  the  Tube;  if  a  third  Weight  L  be  ad¬ 
ded,  it  will  rife  to  three  Times  the  firft  Height,  and 
fo  on.  Whence  it  appears  that  fince  the  Bore  of  the 
Tube  may  be  exceeding  fmall,  the  greateft  Weight 
may  be  fuftain’d  or  counterbalanced  by  the  leafl:  aflign- 
able  Quantity  of  Water  in  the  Tube, 

5.  But  this  Matter  will  bebefl:  explain’d  by  Calcula¬ 
tion  and  Example.  Suppofe  then  D  C  =  6  Inches  in 
Diameter,  the  Area  of  the  circular  Surface  will  be 
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I  balance  or  be  equivalent  to  the  Weight  or 
Force  of  any  given  ^antity  T  K  G  V,  how 
great  foever. 

28,27  Square  Inches;  and  fince  a  Square  Inch  of  Wa¬ 
ter  weighs  of  an  Ounce  Averdupois,  therefore  a 
Pound  will  contain  27,7  Cubic  Inches ;  confequently 
as  this  Number  is  but  half  a  Cubic  Inch  lefs  than  the 
other,  ’tis  evident  that  a  Cylindric  Column  of  Water 
whofe  Bafe  is  6  Inches  in  Diameter,  and  Height  one 
Inch,  will  weigh  nearly  one  Pound  ;  if  therefore  I  be 
one  Pound,  the  Water  by  its  PrelTure  will  rife  one 
Inch  in  the  Tube;  ifK  be  another  Pound,  then  I+K 
will  raife  the  Water  two  Inches,  and  fo  on.  If  the 
Bore  of  .the  Tube  be  -,*5  of  an  Inch  Diameter,  the 
Quantity  in  the  Tube  one  Inch  high  is  to  that  in  the 
VefTel  one  Inch  high,  as  the  Square  of  ^'o  to  the  Square 
of  6,  that  is,  as  to  36,  as  i  to  3600  ;  and  in  that 
Proportion  are  their  Weights  alfo  ;  whence  ’tis  plain 
the  Water  in  fuch  a  Tube  will  fuftain  3600  Times  its 
own  Weight. 

6.  In  like  Manner  we  may  confider  how  great 
an  Effeft  might  be  produced  by  only  blowing  with 
one’s  Breath  thro’  the  Tube  H  G  into  the  Veffel 
A  BCD.  By  this  Means,  if  the  Dimenlions  of  the 
Veffel  were  large,  and  the  Tube  long  and  fmall,  a  Man 
with  the  Breath  of  his  Mouth  might  raife  any  given 
Weight,  how  great  foever.  Suppofe,  for  Inftance,  the 
Area  of  the  Top  DC  were  1000  fquare  Inches,  and 
the  Diftance  between  the  Top  and  Bottom  AD=4  of 
an  Inch,  then  will  there  be  contain’d  in  the  VelTel  250 
Cubic  Inches  of  Air,  of  the  fame  Denfity  with  the  ex¬ 
ternal  Air.  If  now  more  Air  be  blown  thro’  the  Tube 
into  the  VefTel,  it  will  condenfe  the  internal  Air,  and 
by  increafing  its  Spring  caufe  it  to  raife  the  moveable 
Top  DE,  though  charged  with  a  very  great  Weight, 

7.  Thus  fince  the  Weight  of  Air  prefles  upon  every 
Square  Inch  with  a  Force'"  of  15  lb.  (as  will  be  fhewn 
hereafter)  if  we  place  on  the  faid  Top  D  C,  lOooX  1 5 
— 15000  lb.  and  then  blow  into  the  Inftrument  250 
Cubic  Inches  of  Air,  it  will  double  the  Denfity  of 

I  the  internal  Air,  and  confequently  its  Spring,  which 
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XIII.  When  any  Body  is  immerfed  In 
a  Fluid,  it  lofes  jufi  Jo  much  of  its  Weight  as 
is  equal  to  the  Weight  of  an  equal  Bulk  of  the 
Fluid  y  but  the  Weight  lof  by  the  Body  is 

will  then  hold  the  great  Weight  in  Equilibrioy  and  if 
ever  fo  little  more  be  blown  in  it  will  raife  it  ;  for  in 
that  Cafe  the  Air  will  prefs  upwards  with  a  greater 
Force  than  that  of  the  Weight  downwards. 

8.  If  500  Cubic  Inches  of  Air  were  blown  into  the 
Inftrument  it  would  fuftain  30000  lb,  and  fo  on.  But 
in  fuch  Cafes  we  muft  fuppofe  the  Parts  EF  fuflScient- 
]y  ftrong  to  bear  fuch  a  PrelTure  from  within  ;  for  fince 
the  Air  is  a  Fluid  it  prefles  every  Way  equally.  Now 
becaufe  the, Bore  of  the  Tube  is  fmall  (fuppofe  the  tooth 
Part  of  a  fquare  Inch)  a  Perfon  blowing  through  the 
f^me  ..would  meet  with  no  more  Refiftance  than  the 
PrelTure  of  the  Air  on  the  Area  of  the  Bore,  which 
when  the  Air  is  of  a  double  Denfity,  or  when  250 
Cubic  Inches  are  crowded  in,  will  be  but  of 
a  pound  which  may  be  eafily  overcome  by  the 
Force  of  the  Mufcles  in  blowing,  efpecially  if  we  ufe  a 
Stop-cock  to  Ihut  olF  the  Air  in  the  T ube  every  Time 
we  take  in  fielh  Air  to  our  Mouths. 

9.  If  the  Top  of  the  Inftrument  DC  were  fix’d,  and 
a  Wire  palling  thro’  the  Tube  G  H  were  fix’d  to  the 
Bottom,  and  fufpended  at  the  End  of  a  Balance,  then  if 
the  Bottom  be  nicely  balanced  by  Weights  in  the  Scale 
of  the  other  End,  and  after  that  Water  pour’d  in  till  the 
Top  and  Bottom  were  feparated  to  their  utmoft  Di- 
ftance  ;  to  balance  this  Water  will  require  one  Pound 
Weight  for  every  Inch  in  Height  in  the  Veflel,  and  it 
will  after  that  require  one  Pound  Weight  for  every 
Inch  that  it  rifes  in  the^Tube,  which  plainly  Ihews  that 
the  Force  of  Fluids  is  always  proportional  to  the  Height, 
and  not  the  Quantity  of  the  Fluid.  Note,  I  have  fup- 
poled  in  this  Article  that  the  Diameter  of  the  Veflel  is 
fix  Inches,  as  before  in  Jrt.  5.  Another  remarkable 
Inftance  of  this  Hydroftatic  Paradox,  I  lhall  give  when 
I  come  to  confider  the  Swimming  of  an  heavy  Body  in  a 
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gaind  by  the  Fluids  which  will  be  fo  much 
heavier  than  before  (LVII.) 

lighter  Fluids  and  which  will  be  a  very  clear  Illuftration 
of  the  Matter.  See  Annot,  LXf. 

(LVII.)  This  is  the  fundamental  Principle  of  every 
Hydroftatic  Procefs,  particularly  of  the  whole  Dodlrine 
of  Specific  Gravities  j  which  therefore  cannot  be  made 
too  plain  and  eafy  to  be  underftood.  To  this  End, 
let  ABCD  be  a  Veffel  fill’d  with  Water  to  the  Height 
EF  and  let  I  be  a  cylindric  Body  (heavier  than  Wa¬ 
ter)  to  be.immerfed  therein,  as  atE.  By  this  Immer- 
fion  of  the  Body  I,  a  Quantity  of  the  Fluid  a  b  c 
equal  in  Bulk  to  the  Body,  will  be  difplaced  by  the  fu- 
penor  Force  or  greater  Gravity  of  the  Solid  :  And  this 
Quantity  of  Fluid  muft  afcend,  (as  bting  confined  to¬ 
wards  the  Bottom  and  Sides)  and  foraife  the  Surface  of 
the  Liquor  from  E  F  to  G  H  ;  and  then  will  the  Quan¬ 
tity  E  F  G  H  be  equal  to  the  Bulk  of  the  immerfed  So¬ 
lid  «  i  ^  <5?. 

2.  But  as  the  Solid  comes  to  enter  the  Fluid,  each 
Particle  of  the  Fluid  by  its  Vis  Inertia  will  refift  the  So¬ 
lid,  or  endeavour  to  oppofe  its  Defcent  with  all  its 
Power;  and  fo  the  whole  Body  of  the  Fluid  that  is  re¬ 
moved  or  difplaced  by  the  Solid  will  refift  it  by  the  u- 
nited  Force  of  all  the  Particles  :  But  this  Force  is  equal 
to  the  Gravity  of  the  Fluid  removed,  as  is  evident 
from  hence,  that  the  Fluid  fo  removed  is  obliged  to  a- 
fcend  or  move  in  a  Diredlion  quite  contrary  to  Gravity; 
IVherefore  the  Solid  in  its  Deficent  will  be  rejijied  by  a  Force 
equal  to  the  Gravity  of  an  equal  Bulk  of  the  Fluid. 

3.  A  Confequence  of  this  will  be,  that,  fince  A£lion 
and  Re-adlion  are  equal,  there  will  be  juft  as  much  of 

Gravity  of  the  defcending  Solid  deftroy’d,  as  is 
equal  to  the  renitent  Force,  that  is,  to  the  Gravity  or 
W^eight  of  an  equal  Bulk  of  the  Fluid.  W^hence  ’tis 
evident  that  all  Bodies  immerfed  in  Fluids  will  weigh 
lighter  if  fufpended  therein  at  the  End  of  a  Balance, 
than  in  the  Air  ;  and  lighter  in  the  Air  than  in  Vaiuo, 
tuyere  only,  the  true,  real,  or  abfoluie  Weight  of  Bodies  can 
be  fi.ewn  or  inaun. 
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XIV.  If  any  Body  E  could  be  found 
without  Weight,  it  would^  if  placed  on  the 

4.  And  fince  the  Force  which  refifts  the  Defcent  of 
Solids  is  proportioned  to  their  Bulk  only,  it  follows, 
that  equal  Bodies  immcrfed  in  Fluids  lofe  equal  Parts 
of  their  Weight ;  and  therefore  a  lighter  Body  lofes 
more  of  its  abfolute  Weight,  than  a  heavier  one  of  the 
fame  Bulk.  And  confequently  if  two  Bodies  of  unequal 
Bulk  are  in  Equilibrio  in  the  Air,  that  Equilibrium  will 
be  deftroyed  on  their  being  immerfed  in  the  Fluid  ;  be- 
caufe  that  which  has  the  largeft  Bulk  will  lofe  moft 
Weight  in  the  Fluid. 

5.  Again  ;  ’tis  plain  the  Weight  of  the  Fluid  is 
augmented  in  the  fame  Proportion,  as  that  of  the  im¬ 
merfed  Solid  is  diminifhed  ;  for  the  Force  or  Adlion  of 
the  Fluid  on  the  Bottom  of  the  Veflel  CD  is  before  Im- 
merfion  to  that  afterwards  as  the  Altitudes  CF  to  CH, 
or  to  the  Bulks  of  the  Fluid  E  F  C  D  and  G  H  C  D. 
And  fince  thofe  Bulks  ad  only  by  their  Gravity,  ’tis 
plain  the  Adlion  of  the  Fluid 'is  increafed  only  by  the 

'  additional  Gravity  of  the  Q^uantity  GHFE,  which  is 
equal  to  that  which  the  Solid  lofes  by  Immerfion,  as 
was  before  fhewn  in  Art.  2.  All  which  Cafes  anfwer 
veryexaflly  by  Experiments. 

6.  From  what  has  been  premifed  we  may  eafily  ap¬ 
prehend  what  is  meant  by  Specific  Gravity^  viz.  that 
which  is  peculiar  to  any  Sort  or  Species  of  Matter  or  Body^ 
when  confider'd  or  compared  in  any  given  Bulk  or  Magni¬ 
tude,  as  a  Cubic  Inch,  for  Inftance.  Thus  we  fay, 
the  fpecific  Gravity  of  common  Water  is  to  the  Spe¬ 
cific  Gravity  of  Lead,  as  the  Weight  of  a  Cubic  Inch 
of  Water  to  the  Weight  of  a  Cubic  Inch  of  Lead.  And 
as  thQ'Abfolute  Weight  of  Bodies  is  their  whole  Power  of 
Gravity  in  Vacuo,  fo  their  Relative  Gravity  is  that 
which  they  have  in  any  refilling  Medium,  as  Air,  Wa¬ 
ter,  iAc.  and  is  equal  to  the  Abfolute  Weight  diminifh¬ 
ed  by  the  Weight  of  an  equal  Bulk  of  the  Medium. 

7.  What  relates  to  the  Abfolute  and  Specific  Gravities, 
PI.  XIV.  the  Adagnltude,  Denfiuy,  of  Bodies,  will  beft  be 
Fig.  II.  underftood  by  fymbolical  Computation  j  in  order  to 
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Surface  oj  a  Fluid  AB,  float  thereon  without 
any  Fart  immerfed  j  for  being  devoiid  of 

to  wHich  let  A  and  B  be  two  Bodies  of  equal  Bulk,  but 
different  Quantities  of  Matter ;  and  let  B  and  C  be  two 
other  Bodies  tvith  equal  Quarttities  of  Matter,  but  of 
difFerent  Bulks.  ‘ 

f  D=Denfity  1 

And  letj  B=Bulk  ,,,  MntheBodyA, 

C  M=:  Quantity  of  Matter  J 
f  D=Den{ity  j 

Alfo  ]  B  =Bulk  f  in  the  Body  B. 

L  Matter  j 

Jd  ~  Denfity  i 

b  =  Bilik  C  in  the  Body  C. 

w— Matter  V, 

8.  Then,  becaufe  the  Denllty  of  any  Body  is  pro-’ 
portional  to  the  Quantity  of  Matter  under  equal  Bulks, 
tve  fhal]  have  D  :  D  ::  4<f ;  A*I ;  and,  becaufe  when 
the  Quantities  of  Matter  are  equal,  the  Bulks  mufl:  be 
reciprocally  as  the  Dehlkies,  therefore  we  have  D  :d 

I  73  Tiri_  D  M  .  d  b 

b:Bi  Whence £) — —  j  corifequently  D  AfS 

~d  ^  M.  But  5  “  B,  and  M—m  j  therefore  DB  ii 
—  dbyi.  ^  Whence  we  have  D  :  d  v.  :  to  B  ;  and 
B  \b  ::  i/M  :  D  TO  ;  and  M  :  to  ::  D  B  :  dh. 

9*  The  Specific  Gravity  of  Bodies  being  as  the 
Weights,  that  is,  as  the  Quantities  of  Matter,  in  equal 
Bulks,  will  be  as  the  Denfity  :  Therefore  D  :  ::  S  ; 

s ;  and  by  Subftitutton  of  Ratios  we  have  the  general 
Theorem  above  become  S  B  m—s  b  M.  A  nd  fince  the 
Abfolute  Weights  (A,  c,  )  of  any  two  Bodies  are  as 
the  Quantities  of  Matter,  we  have  S  B  =:  A  j 
W  herefore  S  :  x  A  ^  ;  a  B  ;  that  is,  the  Specific  Gra¬ 
vities  will  be  as  the  Abfolute  Weights  directly,  and 
,  the  Bulks  inverfely,  or  as  the  abfolute  Weights  divide’d 
by  the  Bulks. 

10.  Alfo  A  :  «  S  B  ;  xZ- ;  that  is,  the  Abfolute 
Yv  eights  of  Bodies  are  in  the  compound  Ratio  of  their 
Specific  Gravities  and  Bulks.  Or  the  Abfolute  Weight 
of  any  Body  is  had  by  multiplying  its  Bulk  and  Specific 
Gravity  together. 

VoL.  I.  T  Gr.u-* 
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Gravity,  it  could  have  no  Force  to  difplace 
any  Pai  tides  of  the  Fluid,  and  fink  thefe- 
in. 

XV..  If  any  heavy  BodyY.,  lighter  than  an 
equal  Bulk  of  the  Fluid,  be  placed  on  its  Sur¬ 
face,  it  will fink  or  deficend  therein,  till  it  has 
removed  or  difplaced  fo  much  of  the  Fluid 
whofe  JFeight  is  equal  to  that  of  the  Body  • 
For  then  the  Preiilire  upwards  and  down¬ 
wards  on  the  under  Surface  of  tne  Body  is 
equal ;  and  confequently  the  Body  will  be 
there  quiefcent,  or  in  Equilibrio  with  the 
Fluid.  Hence  the  whole  Solid  is  to  the  im- 
merfed  Part,  as  the  fpecific  Gravity  of  the 
Fluid  to  that  of  the  Solid  (LVIII). 


XIV. 
.  12. 


II.  Again  ;  becaufe  B  :  />  :*•  A  i  S,  it  appears 
that  the  Bulk  or  Magnitude  of  Bodies  will  be  as  the 
Abfolute  Weights'  direflly,  and  Specific  Gravities 
inverfely.  Or  the  Magnitude  of  any  Body  is  had  by 
dividing  its  abfolute  Weight  by  its  Specific  Gravity. 

(LV  llI.)  r .  This  Cafe  is  not  ftriiily  true  but  in  Va- 
cm  :  for  in  the  Air  fuch  a  Body  may  be  confider’d  as 
fuftain’d  In  two  Mediums,  viz.  Air  ana  Water;  in  one 
of  which  it  will  fink  or  defcend,  and  in  the  other  rife. 
And  therefore  to  reprefent  the  true  State  of  this  Matter 
viniverfally .  we  muft  raife  a  general  Theorem  in  the 
Mann.r  following  :  Let  A  BCD  be  a  Vefiel  fill  d 
firft  with  an  heavy  Fluid  to  the  Level  EF,  and  fropi 
thence  with  a  lighter  Fluid  to  A  B.  Suppofe  the  So¬ 
lid  X  fufta  ned  by  thofe  two  Fluids ;  let  the  Part  in  the 
heavier  be  call’d  A,  and  that  in  the  lighter  B  ;  and  let 
the  fpecific  Gravities  of  the  heavier  and  lighter  Fluids 


;  as  a  and  b.  _  „  „  t  u 

2.  Then  fince  the  Part  A  difplaces  a  Bulk  or  the 

luid  equal  to  A*,  the  abfolute  Weight  of  that  Bulk  of 
luid  Vf'iil  be  Ar/,  (by  jinnot.  LVll.  Ait,  lO.)  and  for 
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XVI.  If  a  Solid,  as  G,  equal  in  Weight  to . 
an  equal  Bulk  of  the  Fluid,  be  immerfed  there¬ 
in,  It  will  take  any  Situation  indifferently  in 
any  Part  oj  the  Fluid,  as  at  G,  H,  I,  without 
any  Pendency  to  afcend  or  defcend  therein  : 

For  being  totally  immerfed,  it  mull  re¬ 
move  a  Parcel  of  the  Fluid  of  equal  Bulk 
and  Weight ;  and  confequently  the  Pref* 

the  fame  Reafon  the  abfolute  Weight  of  a  Bulk  of  the 
lighter  Fluid  equal  to  B  will  be  B  L  Let  c  be  the 
fpecific  Gravity  of  the  Solid  X  ;  then  the  Sum  of  the 
Weights  of  the  two  Portions  of  the  Fluids  muft  be  e- 
qual  to  the  Weight  of  the  Solid  ;  otherwife  it  could  not 
be  fnftain’d  by  them  :  Therefore  Aaq-B^=:Xf=: 

A+BXc.  Hence  A  a  —  Ar  =  Br  —  Bb.  Confe¬ 
quently,  AiBnr  —  b  :  a  — r;  and  compounding, 

A  :  A'4”B  (=X)  ::  c  —  b  ‘4  a  —  b, 

3.  Thefe  two  Theorems  are  thus  exprefs’d  in  Words : 

I.  As  the  Part  of  the  Solid  within  the  heavier 

Fluid  is  to  the  Part  contain’d  within  the  lighter: 

So  is  the  DifFerence  between  the  fpecific  Gra¬ 
vity  of  the  Solid  and  lighter  Fluid,  to  the  Diffe¬ 
rence  between  the  Specific  Gratfity  of  the  Solid 
and  the  heavier. 

2i  The  Part  of  the  Solid  in  the  heavier  Fluid  is  to 
the  whole  Solid,  as  the  Difference  between  the 
fpecific  Gravity  of  the  Solid  and  lighter  Fluid, 
to  the  Difference  between  the  fpecific  Gravity 
of  the  two  Fluids. 

4.  Hence,  if  h~o,  we  have  A  :  X  ::  r  :  <7 ;  that  is,  .  ’ 

the  Part  immerfed  is  to  the  whole  Solid,  as  the  fpecific 
Gravity  of  the  Solid  to  the  fpecific  Gravity  of  the  Fluid. 

And  if  the  tw'o  Fluids  were  Water  and  Air,  Water  and 
Oil,  or  any  other,  and  their  fpecific  Gravities  given, 

,  with  that  of  the  Solid,  it  wdll  be  cafy  to  find  the  Parts 
of  the  Solid  contained  in  either  Fluid  by  the  Theorems 
above  rnentioned. 

T  2  fure 
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fare  upwards  is  equal  to  the  Tendency 
downwards  on  the  lower  Surface  every 
where  ;  and  therefore  it  can  have  no  Pow¬ 
er  to  fink  :  Alfo  the  Preflure  downwards 
muft  be  equal  to  the  Preffure  upwards  on 
the  upper  Surface,  whence  it  can  have  no 
Tendency  to  rife  or  fwim  ;  it  will  there¬ 
fore  remain  at  Reft  in  any  Pofition,  G,  H, 
I,  wherefoever  in  the  Fluid  (LIX.) 

XVII.  Lastly,  If  a  Body  K  or  L,  hea- 
vier  than  an  equal  Bulk  of  the  Fluid,  be  im- 
merfed  therein,  it  will  defend  by  the  Excefs  of 
its  Gravity  above  that  of  the  Fluid :  For, 
when  immerfed,  it  will  be  refifted  by  tho 

(LIX.)  I  have  fhewn,  that  while  a  Body  is  fufpend- 
cd  in  a  Medium,  its  abfolute  Gravity  is  diminifhed  by 
the  Refiftance  of  the  Medium  ;  it  is  therefore  only  the 
relative  or  refidual  Gravity  of  the  Body  that  we  find  in 
fuch  a  Cafe  :  And  this  being  equal  to  the  Difference  be¬ 
tween  the  fpecific  Gravities  of  the  Body  and  the  Me¬ 
dium,  ’tis  plain,  where  that  Difference  vaniflies,  that 
is,  where  the  fpecific  Gravities  of  the  Body  and  Me¬ 
dium  are  equal,  there  the  relative  Gravity  will  become 
Nothina  ;  whence  fuch  a  Body  fufpended  by  us  in  fuch 
a  P  luidTas  no  fenfible  Weight.  And  this  is  the  Rea- 
fon  why  a  Bucket  of  Water,  while  in  the  Water,  feems 
to  have  no  Weight;  becaufe  the  fpecific  Gravities  of 
the  W  ater  in  the  Bucket,  and  of  the  W''ood  of  the  Buc¬ 
ket,  being  the  fame  with  that  of  the  W^ater  in  which 
It  is  fuCpcnded,  there  can  be  no  relative  Gravity 
of  the  Bucket  of  Water  experienced,  and  there¬ 
fore  np  Gravity  or  Weight  at  all.  The  Want  of 
ccnfiderinti  this  lias  been  the  Occafion  of  many  abfurd 
Pofitions  and  puerile  Conclufions  in  Philofophy  ;  as  ah~ 
f  lute  Levity,  a  Ditntnul'on  of  abfolute  Gravity,  5tc. 

Force 
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Force  of  an  equal  Bulk  of  the  Fluid,  which 
therefore  will  deftroy  jufl  fo  much  of  the 
Gravity  of  the  Solid  j  and  confequently, 
the  P^elidue  or  Excefs  of  Gravity  in  the  So¬ 
lid  is  that  alone  by  which  it  muft  defcend 
(LX.) 

(LX.)  I.  As  thofe  Bodies  fwim  which  are  fpecifical- 
!y  lighter  than  Water,  as  above  explain’d  ;  fo  others 
fuik  or  defcend  in  a  Fluid  by  being  fpecifically  heavier, 
that  is,  by  their  relative  Gravity.  Thus,  if  the  fpeci- 
fic  Gravity  of  the  Solid  be  to  that  of  the  Fluid  as  3 
I ,  then  3  —  I  =  2  is  the  relative  Gravity  by  which  it 
defcends.  If  the  fpecific  Gravities  are  as  7  to  i,  then 
7 — 1  —b  is  the  relative  Gravity.  Whence  we  obferve, 

2.  That  the  Defcent  of  Solids  in  a  fluid  Medium  is 
the  very  fame  with  that  of  Bodies  defcending  on  an  in¬ 
clined  Plane,  becaufe  in  both  Cafes  the  abfolute  Gra¬ 
vity  is  only  diminilhed,  by  the  Refiflance  of  the  Medi¬ 
um  in  one  Cafe,  and  by  that  of  the  Plane  in  the  other  ; 
and  therefore  all  the  Properties  of  the  Motion  of  a  Bo¬ 
dy  falling  freely,  belong  to  this  Motion  thro’  a  Medium 
likewife. 

3.  This  relative  Gravity  of  Solids,  by  which  they 
fmk  or  fwim,  is  ufually  illuftrated  by  the  Defcent  and  PI 
Afcent  of  Glafs  Images  and  Bubbles  included  in  a  Jar  F: 
of  Water  cover’d  over  with  a  Bladder,  fo  as  to  include 

a  fmall  Quantity  of  Air  between  the  Bladder  and  W ater. 
The  Images,  fs’c.  have  fmall  Holes  in  the  Bottoms  of 
their  Feet,  thro’  which  fome  Water  is  put  into  their 
Bodies,  and  that  in  fuch  Quantities  as  will  render 
them  but  very  little  fpecifically  lighter  than  Water,  but 
fome  more  fo  than  others,  that  they  may  not  begin  to 
move  all  together. 

4.  The  Images  being  thus  put  to  float  in  Water,  and 
the  Bladder  tied  down,  if  the  Hand  be  laid  on  the 
Bladder,  and  gently  comprefles  the  Air  beneath,  the 
Air  by  its  Spring  will  adl  upon  the  Water,  and 
caufe  it  to  comprefs  the  Air  in  the  Bodies  of  the  Ima¬ 
ges,  by  which  means  more  Water  will  be  driven  into 
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From  what  has  beenpremifedof  theNa-^ 
tureof  Fluids,  it  will  be  eafy  to  underftand, 

their  Bodies  ;  and  when  fo  much  is  got  in  as  will  make 
them  fpecifically  heavier  than  the  Water,  then  they 
will  begin  to  defcend  one  after  another ;  and  by  vary¬ 
ing  the  Degree  of  PrefTure  you  may  keep  them  fufpen- 
ded  in  any  Part  of  the  Fluid  as  you  pleafe. 

5.  It  is  to  be  obferved,  that  the  Matter  of  which  the 
Bodies  of  thofe  Images  and  Bubbles  are  made  ought  to 
be  fpecifically  heavier  than  Water,  that  they  may  fink 
when  fill’d  with  Water,  which  otherwife  they  could 
not  do:  They  are  therefore  made  with  Glafs,  which  is 
about  three  Times  heavier  than  Water.  Alfo  the 
Holes  in  the  Feet  ought  to  be  very  fmall,  left  the  VVa- 
ter  Ihould  run  out  into  the  Air. 

6.  On  the  contrar)?,  if  the  Images  were  but  juft  hea¬ 
vy  enough  to  fink  to  the  Bottom' of  the  Jar,  if  then  the 
Bladder,  inftcad  of  being  prefs’d  down,  were  lifted  up 
from  the  Surface  of  the  Water,  the  Air  would  expand 
itfelf,  and  have  a  lefs  Spring  ;  and  therefore  the  Air 
alfo  in  their  Bodies  would  exert  its  Spring,  (which  is 
now  greater  than  that  under  the  Bladder)  and  drive 
fome  Water  out  of  their  Bodies,  by  which  Means  they 
will  become  fpecifically  lighter  than  the  Water,  and  rife 
in  it  to  the  Top. 

7.  The  Image  or  Bubble  will  fink  or  fwim  without 
the  Artifice  of  a  Bladder,  if  nicely  managed  ;  for  if 
Care  be  taken  to  have  juft  fo  much  Water  in  the  I- 
mage  as  will  render  it  but  very  little  higher  than  the 
Water,  it  will  then  fwim  at  the  Surface  ;  if  then  you 
put  it  into  a  proper  Depth,  the  natural  Prefiure  of  the 
F'luid  upwards  will  force  fo  much  Water  more  into  it, 
as  to  make  it  heavier  thanWater,  and  from  that  Place,  it 
will  of  its  Own  Accord,  fink  down  to  the  Bottom. 
Vv  hence  it  appears  the  fame  Body  will  fink  or  fwim 
in  the  fame  Medium,  according  to  the  different  Cir- 
cumftances  it  is  under  from  the  Medium,  and  not 
from  any  T  hing  in  itfelf. 

PI.  XIV.  H.  If  any  Veflel  AB  be  fill'd  half  full  with  Salt  Wa- 
iig.  14.  t  .r  to  C,  and  a  Bubble  at  B  be  made  juft  heavy  enough 
to  fink  therein  to  the  Bottom ;  and  after  that  an  i- 

that 
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that  the  lightefi  Body  P  may  be  deprejsd  in  the 
heaviefi  Fluid,  by  any  Contrivance  to  keep 
the  faid  Fluid  from  prefling  on  the  under 
Surface  of  the  light  Body,  by  which 
means  only  light  Bodies  are  made  to  fwim. 

Thus  Cork  or  Wood  will  abide  at  the  Bot^ 
tom  of  a  VeflTel  fill’d  with  Quick-filver. 

Again  :  On  the  other  Hand,  the  heaviejl 
Body  M  may  he  made  to  fwhn  in  the  lightefi 
Fluid,  by  keeping  the  faid  Fluid  from  pre/fi?ig 
on  its  upper  Surface,  by  means  of  the  Tube 
NO  :  For  when  by  this  means  it  is  im- 
merfed  fo  deep  as  to  keep  off  an  equal 
Weight  of  the  Fluid,  the  PrefTure  then  of 
the  Fluid  a6ting  upon  its  under  Surface  up¬ 
wards  will  be  equal  to  the  Weight  of  the  Solid 
tending  downwards  5  and  therefore  if  the 
Solid  be  funk  ever  fo  little  deeper,  it  rnufl 

mage  at  C,  having  fo  much  Water  put  into  its  Body 
that  when  the  Hole  in  its  Foot  is  fealed  up,  it  (hall  be 
juft  light  enou2;h  to  fwim  in  the  faid  fait  Water; 

Things  being  thus  prepared  ;  if  fo  much  hot  frefh 
Water  be  put  into  the  Jar  AB  as  v;ill  fill  it  to  the  Top, 
the  Confequence  will  be,  that  the  Fluid  being  now 
lighter,  will  notfuftainthe  Image  C  which  will  fink  to 
the  Bottom  ;  and  the  Heat  of  the  Water  will  rarify  the 
Air  in  the  Bubble  B,  by  which  means  the  Water  in  it 
will  be  in  Part  extruded,  and  the  Bubble  thereby 
becoming  lighter,  will  rife  to  the  Top.  Thus  by  this 
Artifice,  the  Image  and  Bubble  will  fpontaneoufly  (as 
it  were)  change  Places  ;  which  pleafant  Experiment, 
or  Hydroftatic  Problem,  was  firft  propofed  by  Mr.John 
Cafwell,  Aftronomy  Profeffor  at  Oxford,  near  40  Years 

rx.  r  • 
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fwim  by  the  fuperior  Force  or  Preflure  of 


the  Fluid  upwards  (LXI.) 


Hence  alfothe  'R.t?Sonoitrying  the  different 
Gravity.^  DejiJity^  or  Strtngth{2iS  itis'common- 
ly  call’d)  of  divers  Fluids  or  fpirituous  Liquors 


by  the  Hydrometer  of  JVater^Poife :  For, 
fince  the  ftronger  any  Fluid  is,  the  great¬ 
er  will  be  its  Refiftance  to  any  Solid  im- 
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times  heavier  than  water  or  an  equal  jduiic,  and  if  by 
means  of  the  Tube  N  O,  placed  on  its  upper  Surface, 
the  Water  be  kept  from  prefling  thereon,  that  it  be 
immerfed  to  7  times  its  Thicknefs  below  the  Surface  of 
the  Water,  ’tis  plain  the  PrelTure  on  the  under  Surface 
upwards  will  be  as  7,  but  downwards  only  as  5  ;  and 
therefore  fince  there  is  the  Excefs  of  two  Degrees  of 
PrelTure  upward, ’tis  plain  the  Body  cannot  defeend;  but 
may  very  properly  be  faid  to  fwim  on  the  Water,  and 
this  will  be  the  Cafe  of  all  Bodies,  however  large  or 
heavy,  if  placed  at  a  proper  Depth  in  the  Water,  with 
the  above  mentioned  Circumftances, 

X.  But  what  is  moft  remarkable,  and  at  the  fame 
time  the  cleareft  Proof  of  the  Hydroftatic  Paradox,  is, 
that  if  the  Body  M  be  immerfed  to  the  Depth  of  10 
times  its  Thicknefs  below  the  Surface,  with  a  Tqbe  to 
keep  off  the  Water  from  its  upper  Surface,  then  what¬ 
ever  be  the  Form  of  the  Tube  upwards,  water  pour’d 
into  the  fame  will  in  all  Forms  thereof,  at  the  Altitud? 
of  5  times  the  Thicknefs,  make  the  Preffure  on  the 
under  Surface  upwards  and  downwards  equal,  and  con- 
iequeptly,  if  the  Altitude  be  evpr  fo  little  increafed,  the 
Body  will  defeend.  If  the  Body  be  immerfed  to  a 
Depth,  equal  to  12  times  its  Thicknefs,  then  the  Al¬ 
titude  of  the  Water  pour’d  in  muft  be  equal  to  7  times 
its  Thicknefs,  becaufe  74-5=:  12,  and  fo  on  in  all 
other  Depths,  let  the  Velfel  NO  be  ever  fo  great  or 


fmall,  provided  its  Bafe  be  equal  to  the  Surface  of  the 
Body;  the  PrelTure  of  the  Water  pour’d  in  being  pro- 
portip'i^l  to  the  Altitude  only,  and  not  at  all  to  the 
Quantity  thereof. 


mei'fed. 
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merfed,  ’tis  evident  the  Hydrometer  can^ 
not  fink  fo  far  into  the  heavy  or  ftrong 
Fluids,  as  into  thofe  which  are  lighter  or 
weaker.  The  feveral  Degrees  of  Strength, 
therefore,  are  eafily  fhewn  by  tfie  gradu¬ 
ated  Neck  of  this  Infirument  (LXII.) 

(LXII.)  |.The  Hydrometer  is  one  of  the  moft  ufe-r 
ful  Inftruments  of  the  Philofophical  Kind  ;  for  tho’  the 
Hydrc^ftatic  Balance  be  the  moft  general  Inftrument  for 
finding  the  fpecific  Gravities  of  all  Sorts  of  Bodies,  yet 
the  Hydrometer  is  heft  fuited  to  find  thofe  of  Fluids  irt 
particular,  and  with  the  greateft  Eafe,  Conveniency 
and  Expedition,  as  will  appear  from  the  following  Ac¬ 
count,  and  Defcription  thereof. 

2.  This  Inftrument  confifts  of  four  principal  Parts, 
w/z.  (i.)  A  large  round  hollow  Ball  or  Sphere 
ABCD  which  is  made  of  Ivory,  Glafs,  or  Metal,  as 
Copper,  Brafs,  fs’r.  (2.)  An  hollow  Glafs-Ball  EC, 
of  a  fmallef  Size,  partly  fill’d  with  Quick-filver  fcrew’d 
on  to  the  lower  Part  of  the  fqrrner,  in  order  to  render 
it  but  little  fpecifically  lighter  than  Water,  that  it  may 
nearly  fink  in  it.  (3.)  A  long  fmall  Stem  or  Shank 
A  F  fix’d  into  it  on  the  upper  Part,  which  by  its 
Weight  caufes  the  Body  of  the  Inftrument  to  defcend  in 
the  P'luid  with  Part  of  the  faid  Sterri.  (y.)  A  fmall 
Weight  F,  fcrew’d  on  upon  the  Top  of  the  Stem  or 
Wire  A  F,  to  caufe  the  Inftrument  to  fink  fo  far,  that 
the  Surface  of  the  Fluid  may  always  cut  the  Stem  in 
its  middle  Point  G. 

3.  Thp’  the  above  be  the  ufual  Strudlure  and  Com- 
pofition  of  this  Inftrument,  it  is  certainly  not  the  heft ; 
for  if  the  Body  or  Globe  ABCD  be  of  Ivory,  it  will 
imbibe  Part  of  the  Liquor,  and  fo  its  fpecific  Gravity 
will  be  alter’d,  and  confequently  the  Experiment  can¬ 
not  be  juft.  If  it  be  of  Glafs,  it  will  be  fubjeeft  to 
break,  and  will  ftand  in  need  of  Screws,  Solder,  Lea¬ 
ther,  ^c.  to  make  the  Parts  tight,  which  will  be 
found  alfo  both  inaccurate  and  inconvenient.  The  beft 
Way  therefore  is,  to  have  it  made  of  Metal,  tiz.  of 
Copper  with  a  Brafs  Stem  above,  folder’d  on ;  and 

The 
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The  Hydrostatic-Balance  is  alfo 
an  Inftrument  invented  on  the  fame  Prin- 

a  Brafs  Ball  below  to  fcrew  on  with  a  very  nice  Shoul¬ 
der  ;  then  every  Part  will  be  durable,  and  very  fecure 
from  any  Alteration  of  its  Weight.  ^ 

4,  When  this  Inftrument  is  fwiming  in  the  Li¬ 
quor,  the  Part  of  the  Fluid  difplaced  by  it  will  be  equal 
ill  Bulk  to  the  Part  of  the  Inftrument  under  Water, 
and  equal  in  Weight  to  the  Weight  of  the  whole  In¬ 
ftrument.  Suppofe  the  Weight  of  the  Whole  were 
4000  Grains,  then  ’tis  evident  we  can  by  this  means 
compare  together  the  different  Bulks  of  4000  Grams  of 
various  Sorts  of  Fluids.  For  if  the  Weight  F  be  fuch 
as  fhall  caufe  the  Hydrometer  to  fink  in  Ram  JVatery 
till  its  Surface  comes  to  the  middle  Point  of  the  Stem 
G  j  and  if  after  this,  it  be  immerfed  in  common  Spnnr 
Water,  and  the  Surface  obferved  to  ftand  4^  of  an  Inch 
below  the  middle  Point  G,  ’tis  evident  that  the  fame 
Weight  of  each  Water  differs  in  Bulk  only  by  the  Mag¬ 
nitude  of  one  Tenth  of  an  Inch  in  the  ^tem. 

c  Now  fuppofe  the  Stem  were  10  Inches  long,  and 
weigh’d  1 00  Grains  ;  then  every  10th  of  an  Inch  would 
be  TGrain  Weight,  and  fince  the  Stem  is  of  Brafs, 
and  Brafs  is  about  8  times  heavier  than  Water,  the  fame 
Bulk  of  Water  will  be  equal  to  |  of  a  Gram  ;  and  con- 
fequently  to  the  i  of  Part,  that  is  a  saooodth 
Part  of  the  whole  Bulk,  which  is  a  Degree  of  Exadt- 
nefs  as  great  as  can  be  defired.  Yet  the  Inftrument  is 
capable  offtil!  greater,  by  making  the  Stem  or  Neck 
to  confift  of  a  flat  thin  Slip  of  Brafs,  mftead  of  one  that 
is  round  or  cylindrical :  By  this  means  we  increafe  the 
Surface,  which  is  the  moft  requilite  Thing  ;  and  dimi- 
nifh  the  Solidity,  by  which  the  Inftrument  is  render  d 

n^oic  cx3.t5t*  -r  M  c  fc  f 

6  la  order  to  adapt  this  Inftrument  to  all  borts  ot 

Ufes,  there  ought  to  be  two  different  Stems  to  fcrew  on 
and  off  in  a  fmall  Hole  at  A.  One  Stern  ^lould  be 
fuch  a  nice  thin  Slip  of  Brafs,  or  rather  of  Steel,  like 
a  Watch-Spring  fet  ftrait,  as  I  have  juft  mentioned,  on 
one  Side  of  which  ought  to  be  the  feveral  Marks,  or 
Divifions,  to  which  it  will  fink  in  various  Sorts  of  VVa- 
ters,  as  Rain-Water,  River-Water,  Spring-Water, 
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ciple.  By  it  we  have  a  moji  ufeful  aitd  ready 
Method  of  finding  the  various  comparative  or 
fpecific  Gravities  of  F4uids  and  folid  Bodies, 

Sea-Waier,  Salt-Spring-Water,  &c.  And  on  tTie 
"other  Side  you  fnark  the  Divifion  to  which  it  finks  in 
various  lighter  Fluids,  Hot-  Bath- Water,  Brijiol-Wa- 
ter,  Lincomb-lVater,  Cheltenham-Water,  Port-Wine, 
Mountain,  Madeira,  and  various  other  Sorts  of  Wine. 

But  in  this  Cafe,  the  Weight  F  on  the  Top  muft  be  a 
litle  lefs  than  before,  when  it  was  ufed  for  the  heavier 
Waters. 

7.  But  in  Cafe  of  trying  the  Strength  of  fpirituous 
Liquors,  a  common  cylindric  Stem  will  do  beft,  he- 
caufe  of  its  Strength  and  Steadinefs  ;  aqd  this  ought  to 
be  fo  contrived,  that  when  immerfed  in  what  is  call’d 
Proof-Spirit,  the  Surface  of  the  Spirit  may  be  upon  the 
middle  Point  G,  which  is  eafily  done  by  duly  adjuft- 
ing  the  fmall  Weight  F  on  the  Top,  and  making  the 
Stem  of  fuch  a  Length,  that  when  immerfed  in  Wa¬ 
ter,  it  may  juft  cover  the  Ball,  or  rife  to  A ;  but  when 
immerfed  in  pure  Spirit,  it  may  rife  to  the  Top  at  F  ; 
then  by  dividing  the  upper  and  lower  Parts  G  A,  G  F 
into  ten  equal  Parts  each,  when  the  Inftrument  is  im¬ 
merfed  into  any  Sort  of  fpirituous  Liquor,  it  will  imme¬ 
diately  fhew  how  much  it  is  above  Or  below  Proof. 

8.  This  Proof  Spirit  confifts  of  half  Water,  and  half 
Alcohol,  or  pure  Spirit,  that  is,  fuch  as  when  pour’d 
upon  Gun-powder,  and  fet  on  Fire,  will  burn  all 
away,  and  permit  the  Powder  to  take  Fire,  which  it 
will,  and  llalh  as  in  the  open  Air.  But  if  the  Spirit  be 
not  fo  highly  reftified,  there  will  remain  fome  Phlegm 
or  Water  which  will  make  the  Powder  wet,  and  unfit 
to  take  Fire.  This  Proof  Spirit  of  any  Kind  weighs 
feven  Pounds  twelve  Ounces  per  Gallon. 

g.  The  common  Method  of  fiiaking  the  Spirits  in  a 
Vial,  and  by  raifing  a  Crown  of  Bubbles,  to  judge  by 
the  Manner  of  their  rifing  and  breaking  away,  whether 
the  Spirit  be  Proof  or  near  it,  is  very  precarious,  and  ca¬ 
pable  of  great  Fallacy,  There  is  no  way  fo  eafy,  quick, 
certain,  and  philofophical,  as  this  by  the  Hydrometer, 
which  will  denionftrate  infallibly  the  Difference  of 

to 
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to  the  lajl  Degree  of  Accuracy  ;  efpecially 
in  the  New  Struct ure  and  Method  of  ufng 
it,  as  reprefented  in  Plate  XV.  Fig.  4. 
The  Parts  of  which  are  as  follow  j  AB 
the  Foot  oh  which  it  hands  j  CD,  a  Pil¬ 
lar  fiipporting  a  moveable  Brafs  Plate  E  F, 
faftened  thereto  by  the  Screw  in  the  Knob 
e.  In  the  End  of  this  Plate  is  fix’d  an  up¬ 
right  Piece  I  K,  fupporting  another  Plate 
GH,  which  Aides  backwards  and  forwards 
thereon,  and  is  moveable  every  way  about 
it.  In  the  End  of  this  Plate,  at  H,  is 
fix’d  (by  a  Nut  beneath  )  a  Wire  LM, 
tap’d  with  a  fine  Thread  from  one  End  to 
the  other  i  upon  this  moves  the  Swan-Neck 
sup  of  Brafs  N  O,  to  which  a  very  exad 
Balance  is  hung  at  the  Point  N  ;  to  one  of 
whofe  Scales  P  is  appended  the  heavy  Bo¬ 
dy  R,  by  a  fine  Horfe-hair  or  Piece  of  Silk 
S  :  The  Weight  of  the  faid  Body  R  in  the 
Air  is  exprefs’d  by  the  Weights  put  into 
the  Scale  Q_to  make  an  Equilibrium  there¬ 
with,  which  being  dellroy’d  by  immerging 
the  Solid  in  the  Fluid  T  V,  contain’d  in 
the  Glafs  W  V,  is  again  reAor’d  by  Weights 
put  into  the  Scale  P.  So  that  the  Weights 
in  the  Scale  Q^ompared  with  thofe  in  the  Scale 

Bulks,  and  confequently  fpecific  Gravities,  in  equal 
Weights  of  Spirits,  to  the  30,  40,  or  50  thoufandth 
Part  of  the  Whole,  which  is  a  Degree  of  Accuracy, 
heyond  which  nothing  can  be  defir’d. 

P,  Jhew 
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P,  JJjew  at  once  the  fpecific  Gravity  of  the 
Solid  R  to  that  oj  the  Fluid  TV  (LXIII). 

The  fpecific  Gravity  of  Fluids  is  rea¬ 
dily  determined  by  weighing  one  and  the 

(LXIII.)  i.The  Refon  why  I  have  given  no  Account 
or  Figure  of  the  Common  Hydrojiatlc  Balance^  is  bccaufe 
it  is  every  where  to  be  found  in  Books  of  this  Sort  ;  but 
principally,  becaufe  I  would  advife  Gentlemen  to  the 
Ufe  of  that  exhibited  in  the  Ledures,  which  they  will 
Hnd  far  more  expeditious  and  exa6l,  and  therefore  much 
better  fitted  to  anfwer  the  End  of  fuch  an  Inftrument. 
For  this  Method  of  fufpending  the  Solid  to  be  weigh’d 
by  a  Horfe-Hair,  or  fine  Silk,  requires  not  the  large 
heavy  Glafs-Bucket  (as  in  the  Common  Hydrojiatlc  Ba¬ 
lance)  to  find  the  fpecific  Gravities  of  Solids ;  or  the 
heavy  Glals-Bubble  to  find  thole  of  Fluids  ^  and  there¬ 
fore  the  Weight  being  reduced,  the  Balance  may  be 
fmaller  and  nicer,  and  confequently  fuch  as  will  turn 
with  alefler  Difference  of  Weight. 

2.  The  different  Gravities  of  Solids  being  firft  com¬ 
pared  with  that  of  Water,  are  then  eafily  compared 
with  each  other ;  for  let  S  be  the  Weight  of  one  Solid, 
i  the  Weight  of  any  other,  and  W  the  Weight  of 
Water,  all  of  equal  Bulks  ;  and  let  S  :  W  ::  5  :  i, 
and  r  ;  W  ::  7  :  I  ;  therefore  5  WrrS,  and  7  W=j ; 
confequently  S  :  r ::  5  W  :  7  W  ::  5  :  7  ;  that  is,  the 
fpecific  Gravities  of  the  Solids  S  and  s  are  as  5  to  7* 
And  in  the  fame  Manner  the  fpecific  Gravities  of 
Fluids  are  compared,  being  firft  compared  with  that  of 
any  one  tiolid. 

3,  As  the  very  Notion  of  fpecific  Gravity  implies 
Comparifon,  fo  there  muft  be  fome  Sort  of  Body  fix’d 
upon,  whofe  Gravity  muft  be  made  a  Standard  for  the 
Gravities  of  other  Bodies  of  equal  Bulk  to  be  compar¬ 
ed  with.  This  Standard  Body  muft  have  two  Proper¬ 
ties  ;  firft,  it  muft  be  eafy  to  be  had  or  come  at  upon 
all  Occafions  ;  and,  fecondly,  it  muft  be  of  a  fix  d  un¬ 
alterable  Nature,  or  at  all  T  imes  the  fame,  that  there 
maybe  no  Variation  of  its  Gravity  in  equal  Bulks,  in 
different  Times  or  Places.  Now  ’tis  certain  fuch  a 
Body  muft  be  of  the  Fluid  Kind,  becaufe  the  beft  Way 
of  finding  fpecific  Gravities  is  by  Immerfion. 
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fame  folid  Body  in  them  feverally ;  for 
fince  we  fuppofe  the  Balance  in  Equilibrio 

4.  Among  Fluids  there  are  none  which  promlfe  the 
Requifites  for  a  Standard  fo  fairly  as  Water.  Yet  here: 
we  find  various  Kinds,  and  of  different  Gravities,  and 
none  which  are  quite  unexceptionable.  Rain-Water 
is  the  moff  fo  of  any,  (but  this  is  not  always  at  hand) 
its  fpecific  Gravity  being  fo  nearly  always  the  fame, 
that  could  it  be  always  had,  it  would  anfwer  all  our 
Purpofes  very  well.  Ho.tyever,  common  Water,  by  means 
of  the  Hydrometer,  might  be  always  made  a  Standard 
in  the  following  Manner. 

5.  Let  there  be  a  Quantity  of  Salt  diflblved  in  Spring- 
Water  to  give  it  a  Body  or  Denfity,  a  little  greater 
than  any  Water  of  that  Kind  can  be  fuppoled  to  have 
naturally.  Then  let  a  very  exa£l  Hydrometer  be  fet  to 
float  therein,  and  obferve  at  what  Divifion  of  the  Neck 
the  Surface  of  the  Water  ftands ;  and  that  will  be  the 
Point,  to  which  the  Hydrometer  ought  to  fink  in  the 
Water  defign’d  for  thefe  Experiments,  and  which  it 
may  eafily  be  made  to  do  by  the  Solution  of  Salt  there¬ 
in,  or  a  Mixture  of. Salt-Water  therewith.  And  a  bet¬ 
ter  Method  than  this,  for  procuring  a  Standard  Fluid, 
I  am  not  able  to  think  of. 

6.  By  this  Method  I  only  ptopofe  to  fix  a  Standard 
for  very  nice  Enquiries;  but  for  common  Ufes,  common 
WatiV  will  do,  whofe  Gravity  mufl:  be  reprefented  by 
Unity  or  i,  or,  (in  cafe  of  conftrudling  I'ables  with 
great  Accuracy)  by  1,000,  where  three  Cyphers  are 
added  to  give  room  to  exprefs  the  Ratios  of  other 
Gravities  in  larger  Numbers  in  the  Table.  In  doing 
this,  we  have  a  twofold  Advantage  ;  the  firfl:  is,  that 
by  this  Means  we  can  exprefs  the  fpecific  Gravities  of 
Bodies  to  much  a  greater  Degree  of  Accuracy  and 
Exa£lnefs.  The  fecond  is,  that  the  Numbers  of  the 
Table  do  alfo  exprefs  the  Ounces  Averdupois  contain’d 
in  a  cubic  Foot  of  every  Sort  of  Matter  therein  fpeci- 
fed,  becaufe  a  cubic  Foot  of  common  Water  is  found, 
by  Experiment,  to  weigh  very  nicely  1000  Ounces. 

7.  Now  an  Ounce  Auerdupois  W'eighs  437!  Grains, 

with 
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with  the  Body  fufpended  in  the  Air,  the 
Equilibrium  will  be  deftroyed  when  the 


and  an  Ounce  Troy  contains  480  Grains,  therefore  the 
Averdupois  Ounce  is  to  the  Troy  Ounce  as  43 7t  to  480, 
or,  as  51  to  56  nearly.  The  Averdupois  Pound  is  to 
the  Troy  Pound  as  437!  X  16  ~  7000,  to  480  X  12 
5760,  that  is,  as  17  to  14  nearly;  fo  that  a  cubic  Foot 
of  Water  weighs  b2.\,lb,  Averdupois^  and  nearly  'jblb, 

Troy.  And  hence  it  is  that  fuch  a  Table  becomes  fo 
ufeful  in  the  Solution  of  various  Phyfical  and  Mathe¬ 
matical  Problems,  and  Science  of  Geometry,  extended 
by  Hydroftatic  Principles. 

8.  From  what  has  been  faid,  nothing  can  be  eafier 
to  be  underftood,  than  the  Method  or  Praxis  of  the 
Hydroftatic  Balance,  for  finding  the  fpecific  Gravities 
of  all  fuch  Solids  as  are  heavier  than  Fluids,  and  will 
fink  in  them;  butfor-thofe  which  are  lighter,  as  Wood, 

Cork,  ^c.  and  will  not  be  totally  iramerfed,  a  dilFe- 
rent  Method  muft  be  taken,  viz.  the  lighter  is  to  be 
connected  to  an  heavier,  and  fo  both  together  to  be 
immerfed  into  the  Fluid,  as  one  compound  Body,  and 
its  fpecific  Gravity  thus  determined ;  then  having  the 
fpecific  Gravity  of  the  heavier  Body,  and  of  the  com¬ 
pound,  that  of  the  lighter  Body  will  be  eafily  found. 

9.  For  fuppofe  to  a  Piece  of  Copper,  weighing  1 8 
Grains,  be  tied  a  Piece  of^Elm  Wood,  weighj^ng  15 
Grains,  then  will  the  Compound  weigh  33  Grains: 

Again,  fuppofe  the  Copper  alone  in  Water  weighed  16 
Grains,  and  the  Compound  only  6  Grains ;  the  Lofs 
of  Weight  in  the  Compound  will  be  27  (:=  33  —  6) 
which  is  the  Weight  of  an  equal  Bulk  of  W^ater .  If 
from  this  we  fubtraa  2  (the  Lofs  of  Weight  in  the 
Copper,  and  Weight  of  an  equal  Bulk  of  Water)  the 
Remainder  25  will  be  the  Weight  of  a  Bulk  of  Water, 
equal  to  that  of  the  Elm.  ButtheWeight  of  the  Elm  was 
15  Grains:  The  fpecific  Gravity  therefore  of  Walter 
is  to  that  of  Elm-Vifood,  as  23  to  15,  ot»  t  to  0,0. 

10.  Another  Way  more  fimple  to  find  the  fpecific  PI.  XV. 
Gravities  of  light  Bodies  (without  tying  them  to  heavy  Fig.i. 
ones)  is  as  follows,  A  B  C  D  is  a  Veflel  of  Water, 

Solid 
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Solid  is  iramerfed  in  the  Fluid,  and  niuil 
be  then  reftored  by  Weights  put  into  that 


in  which  is  placed  a  fmall  Pulley  E,  on  a  Foot  F  ;  G  is 
a  light  Body  floating  on  the  Surface  of  Water ;  HI  is  a 
Balance,  I E  G  a  Horfe-Hair  going  round  the  Pulley,- 
and  conncdling  the  light  Body  G  to  the  End  of  the  Ba¬ 
lance.  Now  let  the  VelTel  be  placed  in  fuch  a  Man¬ 
ner,  that  the  Body  G  refufing  to  go  under  Water,  may 
draw  the  Balance  H  I  out  of  an  horizontal  Pofition  ; 
then  fuch  a  Weight  L,  placed  in  the  Scale  K,  as  will 
draw  the  Body  G  under  Water,  and  reftore  the  hori¬ 
zontal  Pofition,  or  Equilibrium  of  the  Balance,  will 
difcovcr  the  fpecific  Gravity  of  the  Body  G. 

11.  For  fince  Bodies  afcend,  as  well  as  defcend,*  by 
the  Differences  of  fpecific  Gravities,  or  relative  Weight; 
Tis  plain  the  Weight  L,  that  detains  the  Body  under 
Water,  muft  be  equal  to  the  Excefs  of  the  Weight  of 
the  Fluid,  above  that  of  the  Solid  under  equal  Bulks, 
and  therefore  the  Weight  L,  added  to  that  of  the  Body, 
will  give  the  Weight  of  an  equal  Bulk  of  Water,  and 
of  Courfe  the  fpecific  Gravity.  For  Example,  let  the 
Body  G  be  a  Piece  of  Elm-Wood  weighing  36  Grains, 
and  the  Weight  L  fufficient  to  detain  or  keep  it  under 
Water,  will  be  found  equal  to  24  Grains;  then  36  -f- 
24  ~  60  rr  the  Weight  of  Water,  equal  in  Bulk  to 
the  Elm.  Confequently  tjie  fpecific  Gravity  of  Wa¬ 
ter  is  to  that  of  Elm,  as  60  to  36,  that  is,  as  r  to  0,6} 
the  fame  as  was  found  before.  Note,  the  Weight  of 
the  fcale  K  muft  be  added  to  the  Weight  L,  becaufe 
’tis  all  the  Force  upon  the  Point  H  that  keeps  the 
Body  under  Water. 

12.  There  is  yet  another  W ay,  and  that  a  very  good 
one,  for  finding  the  fpecific  Gravities  of  fuch  Liquors 
as  will  not  mix  with  each  other,  as  Water  and  all 
Kinds  of  Oil  ;  it  is  thus  :  Let  A  B  GD  be  a  Veffel  of 
Water  to  the  Height  E  F,  and  G  H  a  Tube  dipt  in  Oil 
firft,  for  the  Oil  to  rife  a  fufficient  Height  therein,  when 
the  upper  Orifice  H  is  to  be  flopped  clofe  with  the 
Finger,  and  thus  immerfed  into  the  Water  of  the 
Veffel;  then  the  Finger  being  taken  away,  the  Oil 
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Scale  lo  which  the  Body  is  appended. 
Thefe  Weights  will  feverally  exprefs  the 

will  fubfide  a^id  fland  a,t  the  Altitude  .G I  in  ,the  Tube. 
Now  fince  this  Column  of  Oil  is  balanced  or  fuftain’d 
by  a  Column  of  Water  of  an  equal  Bafe  and  Altitude 
CF,  and  the  Denfities  of  Fluids  are  reciprocally  as  the 
Bulks,  the  fpccific  Gravities  (yvhich  are  as  the  Den¬ 
fities)  will  be  as  the  Bulks,  that  i?,  the  Altitudes  re¬ 
ciprocally,  (becaufe  the  Quantity  of  Matter  is  the  fame 
in  both)  therefore  if  Gl=iop,  and  CFccrby,  the 
fpecific  Gravity  of  the  Oil  wjll  be  to  that  of  the  Wa¬ 
ter,  as  87  to  joo,  or  that  of  the  Water  to  that  of  the 
.Oil,  as  1,000  , to  0,87. 

43.  In  like  Manner,  if  A  BCD  be  A  long  Jube 
with  a  little  Mercury  poUr’d  in  to  a  fmall  Height  b  r* 
and  then  a  fmall  Tube  a  e,  open  at  both  Ends,  be  put 
into  it;  and  laftly,  if  Water  be  poured  into  the  large 
Tube  upon  the  Mercury  to  the  Height  of  1^4  Inches; 
it  will  by  its  Preflure  raife  the  Mercury  to  the  Height  b 
of  one  Inch  in  the  fmall  T ube  above  the  Surface  of 
that  in  the  large  one ;  which  thews  that  the  fpecific 
Gravity  of  Mercury  is  to  that  of  Water  nearly  as  14 
to  I.  As  will  appear  by  the  Experiment  if  accurately 
made. 

14.  Once  more;  another  Way,  which  in  fome 
Cafes  may  do  very  well,  to  find  the  fpecific  Gravities  of 
any  different  Liquids,  is  by  Means  of  a  recui:ved  Tube 
A  D  G,  in  which  if  Quickfilver  be  pour’d  fjrfl:  -to  fill 
the  Bottom  Part,  and  then  one  Liquid  into  one  Leg, 
and  another  Liquid  into  the  other  l.eg,  in  fuch  Man- 
jier  that  they  prefs  on  the  Quickfilver  on  each  Side 
equally,  which  will  appear  by  the  Surface  on. each  Side 
being  in  the  fame  horizontal  Line  C  E  ;  then  will  the 
fpecific  Gravity  of  the  Liquid  in  the  Leg  A  C  be  to 
that  in  the  Leg  E  G,  as  the  Altitude  of  the  latter  E  F 
to  the  Altitude  of  the  former  C  B. 

15.  By  the  Table  of  fpecific  Gravities  it  appears  that 
Gold  is  the  heavieft  Body  in  N.ature,  and  that  Mer¬ 
cury  is  next  to  it  in  Gravity ;  and  confequently  Gold 

VoL.  1.  U  Gravities 
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Gravities  of  an  equal  Bulk  of  the  refpe6t- 
ive  Fluids  j  and  confequently,  they  may 

only  will  fink  in  Mercury  ;  therefore  by  weighing  Gold 
in  Mtrcury  and  Water,  the  fpecific  Gravities  of  thefe 
two  Fluids  may  be  determined  by  the  Hydroftatic  Ba¬ 
lance  :  But  fince  Mercury  will  readily  adhere  to  Gold, 
it  will  create  us  fome  Trouble  in  getting  It  ofF  again, 
which  muft  be  done  by  Fire,  or  Aqua  Forth ;  as  the 
latter  is  not  always  at  hand,  ’tis  common  to  put  Gold 
into  the  Fire,  but  Care  muft  be  taken  not  to  put  it  into 
a  Coal  Fire,  becaufe  the  acid  Spirit  of  the  Sulphur  will 
leflen  the  Cohefion  of  the  Particles  of  the  Gold,  and  fo 
render  it  very  brittle,  and  apt  to  break,  efpecially  when 
laid  on  a  cold  Stone  to  cool  j  the  beft  way  therefore  to 
find  the  fpecific  Gravities  of  thefe  Fluids  is  that  above 
directed  in  Art.  13. 


16.  AF  ABLE  of  SPECIFIC  GRAVITIES. 
Of  METALS. 


Fine  or  pure  Gold, 

Gold  of  a  Guinea  of  George  II. 


19,640 

17,150 


Gold  of  a  Moidore,  17,140 

Silver  fine  or  pure,  1 1,091 

Silver  of  a  Shilling  of  George  II.  10,000 


Lead, 
Copper, 
Brafs  caft. 


10,130 

9,000 


7,850 

8,000 

7,704 

7,645 

7,550 


wrought. 


Steel  temper’d 
Iron, 

Tin, 


17.  MI NERALS,  ORES,  iAc: 


Copper  Ore, 

Lead  Ore, 

Bifmuth, 

Turbith  Mineral, 
Antimony  from  Germany^ 


9,700 

8,235 

4jO0o 


3,775 

6,8co 


thus 
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thus  be  compared  with  each  other,  or  all 
of  them  with  the  Gravity  of  common  JVa- 


Antimony  from  Hungary^  457*^° 

Speltar,  7>°^5 

18.  STONES,  FOSSILS, 

Adamant  or  Diamond,  3’40o 

A  Pfeudo-Topaz,  45^70 

A  Pfeudo-Hyacinth,  2,631 

A  Pfeudo-Jafper,  2,666 

A  Bohemian  Cranate,  4>3^° 

Swedijh  Granate,  3j97^ 

Onyx-Stone,  2,510 

A  Cornelian,  2,568 

An  Englijh  Agate,  2,512 

'lufcoh  Stone,  2,508 

Sardrachates,  3>S9^ 

A  golden  Marcafite,  4>5^9 

Rock  Cryftal,  2,659 

Ifland  Cryftal,  2,720 

Lapis  Nephriticus,  2,894 

Lapis  Lazuli,  3»°S4 

Lapis  Haematites,  453^*^ 

Lapis  Calaminaris,  5>-°° 

Lapis  Judaicus,  2,500 

Lapis  Manati,  2,270 

Lapi'sAmianthus,  orAtbeftos  komJV6les,2,C)i7, 

- - ditto,  irom  Italy,  2,360 

Glafs  of  the  common  Sort,  2,666 

Flint,  2.542 

Black  Italian  Marble,  2,704 

White  Italian  ditto,  2,7°/ 

A  fine  Marble,  2,700 

Another  of  Italy,  2,7^8 

A  pellucid  Pebble,  2,641 

A  Selenitis,  2,322 

Mundick,  or  Gold  Spar,  -4>430 

Kidney  Stone, 

Blue  Stone,  2,740 

U  2  ter. 
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terj  as  ufual,  and  difpQfed  in  a  proper 
Table  j  making  that  of  Water  i,ooo, 


Star  Stone, 

3>450 

Hard  Paving  Stone, 

2,460 

Burford  Stone, 

2,049 

Alabafter, 

15875 

Rag-Stone, 

2,470 

Rotten  Stone, 

1,980 

Copperas  Stone, 

4,3.00 

Chalk, 

25370 

Slate, 

2,740 

Oil-Stone, 

2,380 

An  Hone, 

2,388 

China, 

2,270 

Piece  of  Brown  Stone  Bottle, 

1 5  777 

Piece  of  White  Stone  Mug, 

2,250 

Talc, 

25657 

— —  of  Venice^ 

2,780 

. -  of  "Jamaica,  , 

3,000 

Armenian  Bole,  or  Earth, 

25727 

Conimon  Sea  Coal, 

1,272 

Magnet,  or  Loadftone, 

1,840 

Piece  of  Stonehenge,  very  hard. 

2,618 

- - ditto,  of  a  fofter  Sort, 

2,500 

Brijlol  Stone, 

2,510 

19.  ANIMAL  SUBSTANCES. 

Bone  of  an  Ox, 

1,656 

Ivory, 

1,826 

The  Tip  of  a  Rhinoceros’s  Horn, 

1,242 

• - of  an  Ox  Horn, 

1,840 

- - of  a  Stag’s  Horn, 

I5875 

Calculus  humanus. 

1,700 

'Ditto, 

1,240 

Ditto, 

*5433 

Ditto, 

1,660 

Oyfter  Shell, 

2,092 

Murex  Shell, 

2,590 

Hydrostatics. 
wards  immerfed  in  the  fame  Fluid,  as  Wa¬ 
ter,  for  Inftance,  the  Equilibrium  will  be 


Good  Wheat  of  the  laft  Year, 

0,757 

White  Oats, 

0,472 

Blue  Peafe, 

0,795 

White  Peafe  very  dry. 

0,807 

Barley  of  the  laft  Year, 

0,658 

Malt  made  of  the  fame. 

0,485 

Field  Beans  very  dry, 

0,807 

Wheaten  Meal  unfifted. 

0,495 

Rye  Meal  unfifted. 

0,454 

Wood-Afties, 

0,930 

.  MISCELLANEOUS  SUBSTANCES. 

Amber, 

1,040 

Jet, 

1,238 

Bezoar  Oriental, 

1,530 

- - Occidental, 

1,^00 

Sulphur  Common, 

1,800 

— —  Vivum, 

2,000 

Borax, 

1,720 

Wood  petrified. 

2,341 

Coral  Red, 

2,689 

White, 

2,500 

Corallachates, 

2,605 

Cinnabar  Natural, 

7,300 

.  — - Artificial, 

8,200 

- - of  Antimony, 

6,044 

The  reputed  Silver  Ore  of  Whales, 

7,464 

The  Metal  thence  extradted. 

11,087 

Cerufe, 

3,156 

Tartar  Common, 

1,849 

- Emetic, 

2,246 

- Vitrioli, 

2,298 

Cream  of  Tartar, 

1,900 

Camphire, 

0,995 

Mercury  Crude, 

13,593 

deJbroy’d  i 
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deftroy’d ;  which  will  be  reftored,  as  be¬ 
fore,  by  putting  in  fo  much  Weight  as  is 


Mercury  Diftilled  once. 

n,570 

— -  Sublimed  511  Times, 

14,1 10 

Glafs  of  Antimony, 

5,280 

Vitriol  of  Dantzicky 

J>7I5 

- Englijh, 

j,88o 

White, 

1,900 

Sal  GemmeCy 

2yI43 

—  PrunellcSy 

2,148 

- Pclychre/luniy 

2,148 

- Ammuniacuniy 

G453 

- Mirab  'ile  Glauber! y  ‘ 

2,246 

Salt  of  Hartfiiorn, 

1,496 

Salt  of  Vitriol, 

1,900 

Jtlum, 

G714 

Nitre, 

1,900 

Gum  Arablcy 

I5375 

Gum  Tragacanth, 

i>333 

Myrrh, 

1,250 

Verdigreafe, 

I3714 

Opium, 

Litharge  of  Gold, 

d,ooo 

— — - of  Silver, 

6,044 

Bees- Wax  Yellow,  ‘ 

0,960 

Bees-Wax  White, 

0,86c: 

Pitch, 

1,190 

Tutty, 

4>6i5 

Honey, 

1,450 

Rofin, 

1,100 

Crajfatnentum  of  the  human  Blood, 

1,126 

Serum  of  the  human  Blood, 

1,030 

Piece  of  petrified  Bone, 

1 

CO 

22.  Of  FLUIDS. 

Rain  Water, 

1,000 

Diftilled  Water, 

0,993 

U  4  equal 
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eqilal  to  the  Weight  of  the  fame  Bulk  of 
Water:  The  Gravity,  therefore,  of  every 

Well  cr  Spring  Water,  P}999 

Rivxr  Water,  1,009 

Sea  Water,  1,030 

^qua  Fortisy  i»3oq 

A^ua  Regia y  1,234 

Oil  of  Vitriol,  '  1,709 

Oil  of  Clove  Gilliflowcrs,  *,034 

Oil  of  Amber,  P5978 

Oil  of  Anifeed,  o,994 

Oil  of  Caraway-feed,  0,940' 

Oil  of  Linfeed,  0,932 

Oil  of  Mint,  0,975 

Oil  of  Olives,  P,qi3 

Oil  of  Orange,  0,888 

Oil  of  Origany,  P,94Q 

Oil  of  Rofemary,  0,934 

Oil  of  SalTafras,  1,094 

Oil  of  Spikenard,  0,936 

Oil  of  Turpentine,  0,792 

Spirit  of  Turpentine,  0,874 

Spirit  of  Wine  reflified,  0,8 -jq 

Ethereal  Spirit  of  Wine,  0,732 

Spirit  of  Vitriol,  1,203 

Spirit  of  Amber,  1,039 

Spirit  of  Hartlhorn,  1,073 

Spirit  of  Urine,  1,120 

Spirit  of  Honey,  6,895 

Spirit  of  Nitre,  ^  1,^15 

- Ditto  1,^10 

Spirit  of  Sea-Salt,  1,^30 

Spirit  of  Tartar,  1,073 

Tinflure  of  Antimony,  0,866 

Butter  of  Antimony,  2,470 

Balfam  of  Tclu,  6,896 

Lixivium  of  Salt  of  Tartar,  1,550 

Burgundy  Wine,  0,953 

So|id 
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Solid  is  thus  compared  with  Water,  and 
confequently  with  each  other  i  as  in  the 
Table  below. 


Canary,  1,033 

Red  Wine  from  Ponfac, 

White  Wine  Vinegar,  i,oH 

Diftilled  Vinegar,  I5O30 

Milk  of  Goats,  i,®o^ 

Cow’s  Milk,  *>030 

Urine,  1,030 


23.  Since  all  Bodies  are  Aibje£l  to  expand  with  Heat, 
gnd  be  condenfed  with  Gold,  it  muft  follow,  that  the 
fpecific  Gravities  of  Bodies  cannot  be  precifely  the  fame 
both  in  Summer  and  Winter.  This  was  firft  obferved 
in  Experiments  by  M.  Homberg,  and  after  him  by  M,- 
Eifenjchimd,  vvho  found  the  abfolute  Weight  of  a  cubic 
Inch  of  feveral  Softs  of  Bodies  in  Sumnfier  and  Win¬ 
ter  were  fenfibly  different  in  each  other,  but  upon  ex¬ 
amining  the  Numbers  in  his  Table  I  find  they  are  very 
erroneous,  and  have  left  them  out  in  this  Edition,  and 
ftiall  only  obfervcj  that  this  Affair  maybe  render’d  moref 
apparent  by  taking  the  fpecific  Gravities  of  thefe  Liquors, 
( I . )  when  they  are  very  cold ;  (a. )  when  they  are  pretty 
warm  ;  and  (3,)  when  they  arc  very  hot  j  for  in  thefe 
feveral  Cafes  the  Subjesff  Will  dilcover  a  much  Jefs  Den-* 
fity  or  W eight  in  equal  Bulks,  either  by  the  Common 
or  Hydroftatie  Balance.  But  there  is  no  Method  in  this 
Cafe  fo  accurate  as  examining  the  different  Bulks  and 
Gravities  of  Fluids  by  the  Divifions  of  Farenheit's 
Thermometer  from  the  Degree  of  Cold  in  a  freezing 
Mixture,  to  Heat  of  boiling  IVater,  and  tabulating  thd 
Obfervations. 

^4  And  as  in  this,  and  many  other  Cafes,  it  is  re¬ 
quired  to  be  very  exa<£t  in  weighing  Bodies,  even  be¬ 
yond  what  is  attainable  by  the  nieeft  MechaniQn  of 
thelnflrument  itfelf,  I  fhall  here  give  the  Reader  an  Ac¬ 
count  of  an  Improvement  of  the  Common  Balance  in 
this  RefpecI,  from  the  late  learned  S’Gravefande ;  and 

The 
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The  Application  of  Hydrojiatics  to  the  fe- 
verd  Ufes  of  Life  will  be  evident  from  the 


it  will  be  the  more  pertinent  in  this  Place,  as  it  de¬ 
pends  on  an  hydroftatic  Principle.  This  inftrument 
ferves  equally  for  ExaTnefs  in  common  as  in  hydrofta- 
tical  Matters. 

25.  The  Figure  of  the  Machine  reprefents  the  Ba¬ 
lance  in  its  hydroftatic  Ufe.  I  ftiall  firft  deferibe  the 
Machine;  then  fhew  the  new-contrived  Artifice  for 
Exaftnefs;  and,  laftly,  give  an  Inftance  of  its  univer- 
fal  Ufe.  V  C  G  is  the  Stand  or  Pillar  fixed  in  the 

Pl.XVII.  Xable.  From  the  Top  at  A  hangs,  by  two  filken 
Fig.  2.  Strings,  the  horizontal  Piece  or  Bar  B  B  ;  from  which 
is  fufpended,  by  a  Ring  at  1,  the  fine  Beam,  of  a  Ba¬ 
lance  /,  which  is  kept  from  defending  too  low  on  either 
Side  by  the  gentle  fpringing  Piece  txyz^  fixed  on  the 
Supporter  M.  The  Harnefs  is  annulated  zto,  to  fhew 
diftintftly  the  perpendicular  Pofition  of  the  by 

the  fmall  pointed  Index  fixed  above  it. 

26.  The  Strings  by  which  the  Balance  is  fufpended 
paffing  over  two  Pulleys,  one  on  each  Side  the  Piece  at 
A,  go  down  to  the  Bottom  on  the  other  Side,  and  are 
hung  over  the  Hook  at  v,  which  Hook,  by  means  of 
a  Screw  P,  is  moveable  about  i^Inch  backwards  and 
forwards,  and  therefore  the  Balance  may  be  railed  or 
deprefted  as  much.  But  if  a  greater  Elevation  or  De- 
preflion  be  required,  the.Sliding-Piece  S,  which  carries 
the  Screw  P,  is  readily  moved  to  any  Part  of  the  fquare 
Brafs  Rod  V  K,  and  fixed  by  means  of  a  Screw. 

27.  The  Motion  of  the  Balance  being  thus  provided 
for,  the  reft  of  the  Apparatus  is  as  follows ;  H  H  is  a 
fmall  Table  fixed  upon  a  Piece  D,  under  the  Scales  d 
and  e,  and  is  moveable  up  and  down  in  a  long  Slit  in 
the  Pillar  above  C,  and  fattened  at  any  Part  with  a 
Screw  behind.  At  the  Point  in  the  Middle  of  the  Bot¬ 
tom  of  each  Scale  is  hung  by  a  fine  Hook  a  Brafs  Wire 
ad^  ac.  I'hefe  pafs  through  tv/o  Holes  »?,  m,  in  the 
Table  ;  and  to  the  Wire  a  d  is  fufpended  a  curious  cy- 
lyndric  Wire  r  r,  perforated  at  each  End  for  that  Pur- 

follow- 
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following  Inftances  ;  having  firft  pre- 
mifed,  (what  is  found  by  Experiment) 
that  a  Cubic  Foot  of  common  Water  ^jocighs 

pofe.  This  Wire  rj  Is  covered  with  Paper  graduated 
by  equal  Divifions,  and  is  about  five  Inches  long. 

28.  In  the  Corner  of  the  Table  atE  is  fixed  a  Brafs 
Tube,  in  which  a  round  Wire  hi  is  fo  adapted  as  to 
move  neither  too  hard  nor  too  freely  by  its  flat  Head  I. 

Upon  the  lower  Part  of  this  moves  another  Tube  Q_, 
which  has  Fridlion  enough  to  caufe  it  to  remain  in  any 
Polition  required  ;  to  this  is  fixed  an  Index  T,  moving 
horizontally  when  the  Wire  ^  /  is  turn’d  about,  and 
therefore  may  be  eafily  fet  to  the  graduated  Wire  r  s. 

29.  To  the  lower  End  of  the  Wire  rs  hangs  a 
Weight  L,  and  to  that  a  Wire  p  n  with  a  fmall  Brafs 
‘Ball^,  about  i  of  an  Inch  in  Diameter.  On  the  other 
Side,  to  the  Wire  a  c  hangs  a  large  Glafs  Bubble  R  by 
aHorfe-hair.  Let  us  at  prefent  fuppofe  the  Weight  L 
taken  away,  and  the  Wire  fufpended  from  S ;  and 
on  the  other  Side  let  the  Bubble  R  be  taken  away,  and 
the  Weight  F  fufpended  in  its  Room  at  c.  This 
Weight  F  we  fuppofe  to  be  fuch  as  will  keep  in  Equi- 
librio  with  the  feveral  Parts  appended  to  the  other  Scale, 
at  the  fame  Time  that  the  middle  Point  of  the  Wire 

is  in  the  Surface  of  the  Water  in  the  VefTel  N. 

30.  The  Wire  />  «  is  to  be  of  fuch  a  Size,  that  the 
Length  of  one  Inch  fliall  weigh  four  Grains.  Hence 
it  is  evident,  fince  Brafs  is  eight  Times  heavier  than 
Water,  (fee  Art.  i6.)  that  for  every  Inch  the  Wire 
finks  in  the  Water,  it  will  become  half  a  Grain  lighter, 
and  half  a  Grain  heavier  for  every  Inch  it  rifes  out  of 
the  Water ;  Confequently,  by  finking  two  Inches  below 
the  middle  Point,  or  rlfing  two  Inches  above  it,  the 
Wire  v.'ill  become  one  Grain  lighter  or  heavier. 

31.  And  therefore,  if  when  the  middle  Point  is  at 
the  Surface  of  the  Water  in  Equilibria.,  the  Index  T  be 
fet  to  the  middle  Point  a  of  the  graduated  Wire  r  r, 
and  the  Diftance  on  each  Side  a  r  and  ar  contain 
j 03  equal  Parts}  then,  when  in  weighing  Bodies  the 
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very  exaSily  \ooo  Ounces  Averdupois^  0x62 
'Pounds  and  an  half-,  which  may  be  reduced 

Weight  is  defired  to  the  hundredth  Part  of  a  Grain,  it 
may  eafily  be  had  by  proceeding  in  the  following  Maa- 
ner.  Let  the  Body  to  be  weigh’d  be  placed  in  the 
Scale  d,  and  put  the  Weights  in  the  Scale  e ;  and  let  thefe 
be  fo  determined,  that  one  Grain  more  fhall  be  too 
much,  and  one  Grain  lefs  too  little.  Then  the  Ba^ 
lance  being  gently  moved  up  or  down  by  the  Screw  P, 
till  the  Equilibrium  be  nicely  ftiewn  at  0 ;  and  then  if 
the  Index  T  be  at  the  middle  Point  (a)  of  the  Wire  r/, 
it  Ihews  the  Weights  put  into  the  Scale  e  are  juft  equal 
to  the  Weight  of  the  Body, 

32.  But  if  the  Index  T  ftand  at  any  Part  between  a 
and  r,  it  fhews  the  Number  of  Grains  in  the  Scale  e 
were  more  than  equal  to  the  Weight  of  the  Body  in  the 
Scale  d,  becaufe  the  Wire  p  n  \s  now  made  lighter  by 
finking  below  the  middle  Point.  Thus,  fuppofe  the 
Weights  put  into  the  Scale  e  were  roq^  Grains,  and 
the  Index  T  cuts  the  36th  Divifion  above  a,  it  fhews 
that  36  hundredth  Parts  of  a  Grain  are  to  be  added,  or 
that  the  Weight  of  the  Body  is  1005,36  Grains. 

33.  On  the  other  Hand,  had  the  Index  ftood  at  36, 
the  Divilion  below  a,  it  would  have  fliewn  the  Weights 
in  the  Scale  £  were  more  than  equal  to  the  Weight  of 
the  Body  by  36  Hundredths  of  a  Grain  ;  and  that  there 
the  Weight  of  the  BoJy  was  1094,64  Grains.  By 
this  Method  we  find  the  abfolute  Weight  of  the  Body; 
the  relative  Weight  is  found  by  weighing  it  hydroftatL 
cally  in  Water  as  follows. 

34.  Inftead  of  putting  the  Body  in  the  Scale  d,  as 
before,  let  it  be  appended  v/ith  the  Weight  F  at  the 
Hook  e,  by  a  Horfe-hair  as  at  R,  fuppofing  the  Veflel 
of  W ater  O  were  away  ;  then  the  Equilibrium  being 
made,  the  Indexj  T  ftanding  between  a  and  r,  at 
the  36th  Divifion,  fhews  the  Weight  of  the  Body 
1095,36  Grains.  As  it  thus  hangs,  let  it  be  immerfed 
in  the  Water  of  the  VefTel  O,  and  it  will  become  lighter 
by  much;  the  Scale  e  will  defeend  till  the  Beam  of  the 

to 
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to  Troy  Weight,  by  confidering,  that  the 
Averdupois  Pound  is  to  tlie  Troy  Pound  as 
17  to  14,  and  the  Averdupoi s  Ouhcq  to  the 
Troy  Ounce  as  51  to  56. 

Hence,  to  find  the  t^antity  of  PreJJiire 
ugainfi  the  Sluice  or  Bank  that  pens  the  Wa¬ 
ter,  we  have  this  Rule:  Multiply  the  Area 
vf  the  Sluice  under  Water  by  the  Depth  of 
the  Centre  of  Gravity  in  Feet,  and  that  Pro- 
duB  again  by  62-',  the  ProduB  will  be  the 
Number  of  Pounds  required.  Example:  Ad- 

Balance  refts  on  the  Supporter  z.  Then  fuppofe  too 
Grains jput  into  the  Scaled reftored  the  Equilibrium  pre- 
cifely,  To  that  the  Index  T  did  again  point  to  the  36th  Di- 
vifion  above  a":  It  is  plain  the  Weight  of  an  equal  Bulk 
of  Water  would  in  this  Cafe  be  exaflly  too  Grains. 

35.  But  if  the  ICO  Grains  in  the  Scale  d  caufe  it  to 

preponderate  a  little,  then  by  turning  the  Screw  P  the 
Balance  may  be  railed,  till  the  Wire  p  n  becoming 
heavier  reftores  the  Equilibre.  Let  now  the  Index  T 
cut  the  6th  Divifion  above  a  5  then  36 — 6=30, 
which  ftiews  that  the  Wire/i«  is  noWT^oof  a  Grain  heavier 
than  before;  therefore  the  Weight  of  the  Water  is 
only  99,7  Grains:  Whence  its  Gravity  to  that  of  the 
Body  is  as  99,7  to  1095,36  ;  as  required.  ^ 

36.  After  a  like  Manner  may  this  Balance  be  ap¬ 
plied  to  find  the  fpecific  Gravities  of  Fluids;  which 
will  not  be  difficult  to  thofe  who  apprehend  what  has 
been  already  faid.  In  Pradtice,  it  will  be  neceflary  to 
ufe  great  Precaution  in  every  Particular ;  the  Wire  p  n 
ftiould  be  oil’d,  and  then  wiped  as  clean  as  poffible ; 
enough  will  remain  to  prevent  the  Water  adhering 
thereto:  Alfo  the  Balance  ought  to  be  railed  very  gently, 
and  when  come  to  an  Equilibrium  fhould  be  gently  agi¬ 
tated,  to  fee  if  it  will  come  fo  again. 
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mit  the  Length  the  Sluice  be  20  Feet, 
the  Depth  of  W>ter  5  j  then  will  the  Area 
under  Water  be  100  fquare  Feet ;  which 
multiplied  by  2^,  the  Depth  of  the  Centre 
of  Gravity,  gives  250  cubic  Feet  j  which 
again  multiplied  by  624-,  gives  15625/^. 
equal  to  7  Tons  nearly  (LXIV.) 

Again  ;  Si/2ce  the  Weight  of  Bodies  ts  cil^ 
ways  as  the  fpecific  Gravity  in  equal  Bulks, 
it  follows,  that  the  Numbers  in  the  Table 
do  alfo  exprefs  the  Number  of  Averdupots 

(LXIV.)  I.  That  the  Area  under  Water  multiplied  by 
the  Depth  of  the  Centre  of  Gravity  gives  the  Number 
of  folid  Feet  of  Water  preffing  againft  the  Sluice,  is 
evident  from  LV.  Art.  13,  145 

this  Produa  is  to  be  multiplied  by  62  g  becaufe  fo 
many  Pounds  is  the  Weight  of  one  folid  or  cubic  Foot 
of  Water.  See  Annot.  LXII.  Art.  7. 

2.  This  Example  gives  the  Numbers  which  I  took 
from  a  Pen  that  was  made  acrofs  a  River ;  and  though 
it  may  feem  wonderful  that  all  the  Water  in  the  River 
Hiould  afted  the  Pen  with  no  Force  of  PrelTure,  yet 
this  will  be  found  conliftent  with  the  Laws  of  the  A£lipn 
of  Fluids,  when  that  is  underftood  which  we  have  de¬ 
livered  in  Annot.  LVI.  For  the  Water  of  the  River 
does  no  otherwife  influence  the  Pen,  than  as  it  fuftains 
a  Plane  of  fluid  Particles  to  a  certain  Height  in  imme¬ 
diate  Contaft  with  the  Pen.  This  Angle  Plane  of  Par¬ 
ticles  it  is  that  gives  all  the  Preflure  on  the  Pen  ;  and 
they  would  do  the  fame,  could  they  be  otherwife  fup- 
p®rted  againft  it,  if  all  the  reft  of  the  Water  in  the 
River  were  taken  away.  Thus  the  W^ aters  of  the  Sea 
or  Ocean  lying  againft  any  Dam  or  Bank  will  prefs  it 
with  no  greater  Force  than  the'leaft  Quantity  of  Wa¬ 
ter  ftanding  to  the  fame  Height,  over  the  fame  Extent 
of  the  Dam. 
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Ounces  contain’d  in  a  cubic  Foot  of  each 
refpeftive  Sort  of  Matter  therein  mention’d. 
Therefore,  if  the  Magnitude  of  any  Body  be 
multiplied  by  the  fpecific  Gra’^oity^  the  Bro- 
dudi  ’will  be  its  abfolute  Weight.  Thus,  fup- 
pofe  I  would  know  what  Weight  of  Lead 
will  cover  a  Church  whofe  Area  is  30000 
Feet,  and  the  Thicknefs  of  the  Lead  t-s- 
ofaFoot:  Then Rule,  (30000X  ==) 

300  X  11325  =  339750  Ounces,  or  97-^ 
Tons  ;  the  Weight  required. 

Another  ufeful  Problem  is,  to  find  the 
Magnitude  of  any  Bhingy  ’when  the  Weight 
IS  kno’wn ;  which  is  done  by  di’uiding  the 
Weight  by  the  fpecific  Gravity  in  the  iablcy 
the  ^lotient  is  the  Magnitude  fought.  For 
Inffance,  What  is  the  Magnitude  of  feve- 
ral  Fragments  of  Coral  whofe  Weight  is  7 
Ounces;  Divide  7  by  the  fpecific  Gravity 
2690,  the  Quotient  is  ~W  of  a  cubic 
Foot:  then  t-Ato-s- X  1728  =  cubic 
Inches,  very  nearly  the  Magnitude  re¬ 
quired. 

Also,  by  hio’wing  the  Magnitude  and 
Weighty  ’we  can  find  the  fpecific  Gravity y  by 
dividing  the  Weight  by  the  Magnitude  in  cubic 
Feet.  Thus  fuppofe  a  Piece  of  Marble 
contain  4  cubic  Feet,  and  weighs  603  lb. 
or  10800  Ounces;  then  '  °  ^  °  ”  =  2700, 
the  fpecific  Gravity  required,  as  per  Table. 

Having 
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Havjng  given  the  fpecific  Gravity  of 
Gold  to  Silver  as  19  to  ii,  and  fuppofe 
any  compound  thereof,  as  King  Hieros 
Crown,  whofe  fpecific  Gravity  is  16;  to 
determine  the  Proportion  and  Weight  of  the 
Gold  and  Silver  employed  in  making  it,  fay, 
/Is  the  difference  oj  the  fpecific  Gra'vitiesff  the 
Compound  mid  the  lighter  Ingredient^  viz. 
5,  is  to  the  Difference  of  the  fpecific  Gravities 
of  the  heavier  Ingredient  and  the  Compound^ 
viz.  3,  fo  is  the  Bulk  of  Gold  to  that  of  Sil¬ 
ver  made  ufe  of.  That  is,  if  the  whole 
Crow'n  were  divided  in  8  Parts,  the  Gold 
would  confift  of  5,  and  the  Silver  of  3  : 
Then  the  Magnitudes  5  and  3,  multiplied 
by  the  fpecific  Gravities  1 9  and  1 1  feve- 
rally,  will  give  the  Numbers  95  and  33, 
which  exprefs  the  Proportion  of  the  Weight 
of  the  Gold  to  that  of  the  Silver  (LXV.) 

(LXV.)  r.  The  Rales  here  given  for  folving  the. 
three  firft  Problems  are  only  thofe  Theorems  exprefs’d 
in  Words  which  you  find  in  Annot.  LVII,  Art.  g,  lo, 
II.  But  that  which  concerns  the  fourth,  relating  to 
King  Hier  is,  Crown,  I  (hall  here  demonftrate  as  fol¬ 
lows  :  1 

a.  Let  A  and  B  be  any  two  forts  of  Matter,  and  a 
and T  denote  their  fpecific  Gravities ;  the  Compound 
made  of  thofe  two  Bodies  will  be  A  -f-  B  ;  and  let  c 
be  the  fpecific  Gravity  thereof.  Then  iince  the  abfo- 
lutc  Weight  of  a  Body  is  equal  to  its  Bulk  multiplied 
by  its  fpecific  Gravity  (See  Annot.  LVil.  Art,  lo.) 
we  (hall  have  A  «  =.  Weight  of  the  Body  A,  and  B^  = 

Singe 
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Since  Bodies  of  different  fpecific  Gra¬ 
vities,  equiponderating  each  other  in  Air, 

Weight  of  the  Body  B,  and  A  B  X  f  =:  Weight  of 
the  Compound,  But  A^74-BZ'“A-}-BXf  =  Ac 

B  ^  ;  whence  A  Ac  =  Bc  —  ^B;  confequently 
A;  B::  c  —  1/  :  a  —  c,  which  is  the  Rule  above  laid 
down  w’here  A  is  the  Quantity  of  Gold,  and  B  that  of 
Silver,  and  A  B  the  Compofition  of  Hiero'i  Crown.  ' 

3.  When  King  Micro  (fufpedling  the  Workmen  had 
allay’d  the  Gold  with  more  Silver  than  was  necelTary) 
fent  to  Archimedes  to  examine  into,  and  detedf  the  Fraud, 
if  there  were  any  ;  this  great  Mathematician  was  long 
at  a  lofs  to  think  of  any  Method  of  doing  it ;  till  one 
Day  getting  into  a  Tub  full  of  cold  Water  to  bathe 
himfelf,  he  obferved.  that  as  he  entered  the  Tub  the 
Water  ran  out,  and  he  immediately  faw  it  muft  follow, 
that  if  the  T  ub  were  full,  the  Water  which  ran  out 
upon  his  Immerfion,  muft  be  equal  in  Bulk  to  his 
Body. 

4.  Hence  the  Philofopher  began  thus  to  reafon ;  if 
I  immerfe  the  Crown  in  a  Vefiel  full  of  Water,  it  will 
protrude  as  much  as  is  equal  to  its  Bulk.  If  after  this 
I  immerfe  the  fame  Weight  of  pure  Gold,  and  pure 
Silver,  I  fhall  get  Bulks  of  Water  equal  to  each  ;  con¬ 
fequently  having  the  Bulks  of  Gold,  bilver,  and  Crown 
of  equal  Weight,  I  have  the  fpecific  Gravities,  which 
muft  be  as  the  BuL'cs  inverfely.  7'hen  I  proceed  to  find 
the  h  atio,  or  Proportion  of  Gold  to  the  Silver  in  the 
Crown  as  fol'ows. 

5.  Suppofe  A  M  L  B  be  a  Veffel  fill’d  with  Water  ,  ■ytri 

to  the  Height  D  C,  and  that  the  Mafs  of  Gold  equal  1'  ' 

in  Weight  to  the  Crown,  being  immerfed  into  the ‘S’  5* 
W  ater,  raifes  the  Su  face  thereof  to  E  ;  and  after  that, 

the  Mafs  of  Silver  of  the  fame  Weight  immerfed  raifes 
the  Surface  to  G  ;  then  if  the  Height  of  the  Veflel 
above  C  be  divided  into  equal  Parts,  and  DF  —  il, 
and  D  G  I  9  ;  it  is  plain  the  Bulks  of  the  Gold  and 
Silver  will  be  as  D  F  to  D  G,  and  the  fpecific  t)ravi- 
ties  as  D  G  to  D  F.  Laftly,  if  the  Crov/n  be  immerf- 

VoL.  I.  X  upon 


S 


upon  being  immerfed  into  Water,  will 
have  the  Equilibrium  immediately  deflroy’d 


ed,  it  will  raife  the  Surface  to  E,  fo  that  D  E  =  i  o. 
Whence  the  Proportion  of  the  Bulks  of  the  Gold  and 
Silver  in  the  Crown  may  be  determined. 

6.  For  fince  the  Difference  of  fpecific  Gravities  of 
the  Gold  and  Silver  is  D  G  —  D  F F  G  —  8  ;  if  the 
Bulk  of  the  Crown  be  divided  into  8  equal  Parts,  it  is 
evident,  that  fince  the  fpecific  Gravities  of  the  debafed 
and  pure  Gold  Crowns  will  be  as  the  Bulk  inverfely  ; 
that  is,  as  D  F  to  D  E,  we  can  eafily  find  the  Point  H, 
which  will  exprefs  the  fpecific  Gravity  of  the  former ; 
for  D  E  :  D  F  ::  D  G  :  D  H.  Now  the  Point  H  al¬ 
ways  divides  the  Difference  F  G  into  two  Parts  G  H, 
H  F,  which  have  the  fame  Proportion  as  the  Parts  of 
Silver  in  the  Crown  have  to  the  Parts  of  Gold  j  for 
as  the  Point  E  afcends,  the  Pi  int  H  defcends,  and  when 
E  coincides  with  G,  H  falls  upon  E,  and  the  Crown 
becomes  all  Silver  ;  as  on  the  contrary,  when  E  de¬ 
fcends  to  F,  and  H  afcends  to  G,  the  Crown  becomes 
all  Gold  ;  therefore  every  where  F  H  will  be  to  H  G  as 
the  Parts  of  Gold  to  the  Parts  of  Silver  in  the  Crown. 

7.  Therefore,  in  the  prefentCafe,  becaufe  the  Crown, 
when  immerfed,  raifes  the  Water  to  the  Height  D  E, 
and  H  is  3  Divifions  below  G,  it  fhews  that  3  of  the 
8  Parts  of  the  Crown  are  Silver,  and  confequently  the 
other  5  Parts  are  Gold,  as  FI  is  5  of  the  Divifions  above 
F.  Hence  the  Bulk  of  Gold  in  the  Crown  is  to  that 
of  the  Silver  as  5  to  3,  as  before  determined.  That 
Arch'medes  took  fome  Method  like  this  is  certain  ;  and 
it  is  faid,  he  offered  to  Juphtr  a  Hecatomb  of  Oxen 
for  infpiring  him  with  the  Thought. 

8.  To  the  Problems  in  the  Lcdlure,  I  fhall  add  the 
following.  Let  there  be  two  Bodies  A  and  B,  one 
heavier,  the  other  lighter  than  Water;  let  their  fpe¬ 
cific  Gravities  be  a  and  b,  and  let  the  Weight  of  A  be 
given,  and  denoted  by  W  ;  and  let  it  be  required  to 
find  what  Weight  (w)  of  the  lighter  Body  B  muft  be 
coTineffed  with  the  heavier,  that  fo  the  Compound  fhall 
have  the  fame  fpecific  Gravity  with  Water.  Now  be- 
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by  the  greater  Refiilance  of  the  Fluid,  and 
confequently  the  greater  Lofs  of  Weight  in 

W  .zv  W 

caufe  A  =  —  and  B  =  — ,  therefore  A  4-  B  =' —  a. 
a  b  a 

VJ  W  b-\-w  a 

-g— - —  =  Bulk  of  Water,  which  multiplied  by 

its  fpecific  Gravity  (c)  gives  the  Weight  of  Water 
'^bc-\-uuac 

— — ^ - =  W-fw=:the  Weight  of  both  the  Bodies. 

Whence  we  have  VJ  h  c  -\-wac  —  VJab-\-wah‘, 
and  fo  VJ  b  c  —  VJ  a  b  —  w  a  b  —  w  a  c  \  confequently 

VJbc—VJab  .  .  VJb—VJab 

— —7 — — - —w  j  or  ifr=  I ,  then  wehave - 7 - - 

"  "  ‘  a  b—a 

—  W  Weight  of  the  Body  B  required. 

9'  For  Example  ;  fuppofe  the  fpecific  Gravity  of  a 
Man’s  Body,  Water,  and  Cork  hi  as  10,  g,  a  j ;  then 
cz::io,  c=g,  ahd  b—z^  ;  let  W  —  150  //J.  =: Weight 

of  the  Man’s  Body;  then  will ^ -  ■  —w 

ah  —  a  c 

=  5  ;  therefore  if  fuch  a  Man  were  to  take  5  lb.  of  Cork 
with  him  into  the  Water,  he  would  be  of  the  fame  fpe¬ 
cific  Gravity  of  the  W ater,  and  ever  fo  little  more  would 
make  it  impoffible  for  him  to  finlc  ;  whence  the  Art  of 
learning  to  fwim  might  by  this  Problem  be  greatly  fa¬ 
cilitated. 

10.  To  find  the  Weight  of  a  Globe  of  Water  one  Inch 
in  Diameier.  We  fhall  here  chufe  Troy  Weight,where 
orie  Cubic  P’oot  weighs  76  lb-,  and  therefore  one  cubic 


Inch  weighs ■ 


76 


12X12X12 


of  a  Pound, or 


76x12x20x24 

12x12x12 


Grains,  that  is,  ^  or  Grains.  But  in  Geo- 

12  ,  3  .  . 

metry  we  prove  the  Cube  is  to  its  inferibed  Sphere  as  i 

to  0,524  ;  therefore  as  i  :  0,524  ::  132  Grainszx 

3 

the  Weight  of  a  Globe  of  Water  one  Inch  Diameter. 
II.  To  find  the  Diameter  of  a  Glebe  by  weighing  it 

X‘2  the 
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the  lighteft  and  moft  bulky  Body  j  there- 
.fore  it  follows,  that  in  buying  Gold^  which 

hydrojiatically.  Let  it  firft  be  weighed  in  Air,  and  then 
in  Water,  and  the  Difference  of  thofe  Weights  will  be 
the  Weight  of  an  equal  Bulk  or  Globe  of  Water,  which 
call  W  ;  now  the  Weights  of  homogeneous  Bodies  are 
as  their  Bulks,  which  (in  Spheres)  are  as  the  Cubes  of 
their  Diameters.  But  the  Weight  of  a  Globe  of  Wa¬ 
ter  I  Inch  in  Diameter  is  132  Grains  (by  Jrt.  10.) 
Therefore  we  fay  as  132  :  W  ::  ;  D^  ;  Whence 

W  'Tv 

- =  D^,  confequently  ^\/ —  cc:  D  =  Diameter  of 

132  ^  132 

the  Globe  required. 

12.  To  find  the  foHd  Content  in  Culic  Inches  of  any  ir¬ 
regular  Body,  Let  W  m  Difference  of  its  Weight  in 
Water  and  Air  =  Weight  of  an  equal  Bulk  of  Water. 

Then  as  the  W ciaiht  of  a  cubic  Inch  of  Water-^^ —  ;  W 

3 

I  ;  -|-XW=;folid  Content  of  the  Body  required. 

'j  00 

13.  To  find  the  Proportion  of  Magnitude  between  any 
two  Bodies  propofied.  Let  each  be  weighed  in  Air  and 
Water,  and  the  Loffes  of  W eight  they  each  fuHain  will 
be  the  Weights  of  two  Bulks  of  Water,  and  equal  to 
thofe  Bodies  refpedlively  ;  and  confequently  will  exprefs 
the  Ratio  of  the  Magnitudes  of  thofe  Bodies. 

Scholium. 

14.  The  Excellency  of  this  Hydroftatic  Method, 
above  all  others,  appears  from  hence,  that  it  is  univer- 
fal,  and  equally  adapted  to  all  Sorts  and  Shapes  of  Bo¬ 
dies,  which  common  Geometry  is  not.  How  would  it 
puzzle  a  Geometrician  to  exhibit  the  juft  Dimenfions  or 
Bulk  of  a  Fifh,  for  Inftance  ?  How  does  the  aukward 
Figure  of  his  Body,  the  Appendage  of  Fins  and  Tail, 
elude  the  Principles  of  his  Art  ?  Whilft  the  Philofopher 
immediately,  and  without  any  Trouble,  gives  the  An- 
fvvet  by  his  Plydrojlatic  Balance.  Again,  were  a  Geo- 
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is  heavier  than  Brafs^  we  fhould  chufe  the 
lightejl  Air,  i.  e.  when  the  Mercury  in  the 
Barometer  Hands  lowed;;  but  in  buying pre- 
ciom  Stones,  Pearls,  See.  which  are  lighter 
than  Brafs,  the  bed:  Time  to  do  it  in  is 
when  the  Air  is  heavieji  and  moji  buoya?it,  viz. 
when  the  Quickdiver  fiands  highed:  in  the 
Barometer  :  But  in  fellmg  Gold  or  Jewels, 
the  contrary  Rules  are  to  be  obferved  in 
regard  to  the  Gravity  of  the  Air  (LXVI.) 


•^®5Too 


meter  afle’d,  which  is  biggeft,  a  Guinea  or  a  Shilling, 
and  what  the  DifFerence  ?  He  would  find  it  vain  to 
confult  his  Art,  and  mufl:  borrow  his  Aid  and  Anfwer 
from  this  moll  ufeful  Science,  which  excels  equally  in 
Accuracy  as  Univerfality. 

(LXVI.)  r.  Since  a  cubic  Inch  of  Gold  weighs 
Ounces  Troy,  and  a  cubic  Inch  of  Air  |  of  a 
Grain,  when  the  Air  is  of  a  mean  Gravity;  if  we  fay, 
24 

As  10,36:  12  - =  the  Parts  of  a  Grain 

’  72>52 

Vvhich  12  Ounces  or  a  Pound  ofGold  will  lofe  when  the 
Air  is  in  a  mean  State.  Now  fince  the  Air,  when  it 
fupports  a  Column  of  Mercury  28  Inches  high,  is 
lighter  by  t’o  than  when  it  fullains  a  Column  of  30 

Inches  Height ;  therefore  — —  = 

72,52+20  i450>4 

the  Parts  of  a  Grain  which  fo  much  Air  weighs  when 
heavieft,  as  is  equal  in  Bulk  to  a  Pound  of  Gold  ;  and 


twice  the  Quantity,  viz. 


1105,04 


=  the  Weight  of 


1450,4 

Air  equal  in  Bulk  to  two  Pounds  of  Gold.  But  this  is 
a  little  lefs  than  one  Grain  ;  let  us  iuppofe  it  one 
Grain. 

2.  Then  two  Pounds  of  Gold  will  lofe  of  its  Weight 
oneGrain;  and  fince  Gold  is  twice  as  heavy  as  Brafs  that 
ft  is  Vv^eighed  againft,  the  Brafs  W eights  will  have  tw'ice 

X  3  Oncf 
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Once  more  :  Since  the  Goodnefs  of  Mine¬ 


ral  Waters^  Drugs ^  Metals^  precious  Stones^ 
^c.  is  beji  fsewn  by  their  fpecific  Gravity,  it 
will  at  once  appear  of  what  v^ft  Importance 
the  Hydroftatic  Balance  is,  and  how  abfo- 
lutely  neceflary  in  the  Hands  of  every  judi¬ 
cious  Dealer  in  any  fuch  Kind  of  Commo¬ 
dities  (LXVIL)  (LXVIIL) 


the  Bulk,  and  will  there  lofe  two  Grains  of  its  abfolute 
Weight.  If  an  Equilibrium  be  now  made,  when  the 
Air  is  lighteft,  or  Ic's  by  one  Tenth  of  its  former 
Weight,  ti'.eGold  will  lofe  6ne  Tenth  of  a  Grain,  and 
the  Brafs  will  lofe  two  Tenths  of  a  Grain;  confequent- 
]y  the  Buyer  will  get  one  Tenth  of  a  Grain  of  Gold 
in  this  laft  State  of  the  Air,  more  than  he  would  have 
had  in  the  former,  or  heavieft  State;  becaufe  now  one 
Tenth  of  a  Grain  more  mull  be  added  to  the  Brafs  to 
make  an  Equilibrium.  And  this  in  Value  is  the  fifth 
Part  of  a  Penny,  reckoning  Gold  at  Two-pence 
Grain  ;  or  one  Part  in  1 15200, 

3.  Since  the  fpecific  Gravity  of  Diamond  is  to  that 
of  the  Brafs  Weights  as  i  to  if  we  make  an  Equi¬ 
librium  between  the  two  Pounds  of  Brafs  and  Diamond, 
when  the  Brafs  lofes  two  Tenths  of  a  Grain,  the  Dia¬ 
mond  will  lofe  fix’ Tenths  of  a  Grain  ;  confequendy 
four  Tenths  of  a  Grain  muft  be  fubdudted  from  the  Brafs 
for  an  Equilibrium  in  the  lighteft  State  of  the  Air,  and 
fo  much  the  Buyer  will  lofe  of  Diamond  more  than 
when  the  Air  is  heaviefl  of  all  ;  which  is  about  one 
Part  in  2880 '  of  the  W^hole.  Whence  it  appears,  that 
a  Regard  to  the  State  of  the  Air  is  a  Matter  of  more 
Curiofity  than  Importance,  the  Advantage  being  fo  ve¬ 
ry  inconfiderable  in  either  Cafe. 

(LXVH.)  r.  How  great  the  Ufefulnefs  and  Impor- 
tanceofHydroftaticKnowledge  is  to  P hyfidans,  Chernies, 
.-ttfo'hccaries,  ^Jewe  lers,  Go!dJ?niths,  &;c.  will  appear  by 
reading  Mr.  if5j/i?’s  excellent  Medldna  Hydfojiatica-,  in 

which 
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Wf.ich  Book  the  fkiifu!  Author  propofes  the  following 
Ufesto  be  made  of  Hydroftatic  Knowledge,  viz. 

2.  Fi>-J}.  To  explore  the  Nature  and  Differenee  of 
Foffils  by  finding  their  fpecific  Gravities.  For  fince  the 
moft  pure  and  homogeneous  Kind  of  Stones  are  in  Gra¬ 
vity  to  Water  as  about  2|  to  i  ;  and  Tin,  the  lighteft 
of  Metals,  is  to  Water  in  Gravity  as  about  7  to  i  j  if  a 
ftony  Subftance  be  found  to  have  a  greater  Proportion  of 
Gravity  than  that  of  2|  to  i,  it  mult  be  probable  that  it 
has  in  it  fome  adventitious  Matter  of  a  metalline  Nature, 
oris  at  leaft  commix’d  with  fome  mineralBody  more  hea¬ 
vy  than  pure  Stone,  and  may  therefore  very  probably  be 
ufefully  applied  to  Tome  medicinal  Purpofes.  For  In- 
ftance  of  this  Kind,  he  mentions  Lapis  Hamatites  or 
Blood-ttone,  Lapis  Lazuli,  the  Load-ftone,  and  Lapis 
Calaminaris  ;  all  which  have  their  Ufes  in  Phyfic. 

3.  Secondly,  He  propofes  this  Method  as  very  certain 
to  determine  whether  a  Body,  fuppofed  to  be  a  Stone  of 
the  mineral  Kind,  be  fo  indeed.  Thus  Coral,  which, 
fays  he,  fome  take  to  be  a  Plant,  and  others  a  Litho- 
dendron,  but  moft  reckon  it  among  precious  Stones,  is 
in  Gravity  to  Water  as  2,68  to  i,  which  favours 
the  laft  Opinion.  Thus  a  Calculus  humanus  and  a 
Bczoar  iounA  as  1,7  and  1,5  to  i,  and  therefore 
too  light  to  be  of  the  fame  Species  with  common  Stone. 

4.  A  Third  Ufe  which  he  propofes  is  to  difcover  the 
Refemblance  or  Difference  between  Bodies  of  the  fame 
Denomination,  and  thereby  to  colledt  and  afcertain 
the  feveral  Degrees  ofGoodnefs  refpeflively.  Whence 
he  argues  the  Neceffity  of  this  Sort  of  Knowledge  to 
Phyficians,  Chemifts,  Apothecaries,  Druggifts;  to  the 
Goldfmith,  the  Merchant,  the  Miner,  iffc. 

5.  A  Fourth  Ufe  is  to  difeern  genuine  Stones  from 
counterfeit  ones,  which  may  be  of  great  Help  to  Jewel¬ 
lers.  Here  he  gives  Inftances  of  fadfitious  Coral  and 
fadlitious  Gems,  and  a  Bezoar,  which  he  found  out 
that  Way  not  to  be  genuine,  though  a  great  Price  was 
fet  on  the  latter. 

6.  Hence  Mercury  is  found  to  have  a  dilFerent  Gra¬ 
vity,  being  fometimes  but  13^,  and  fometimes  above 
14  Times  heavier  than  Water  ;  and  hence  a  notable 
Difference  may  arife  in  two  Wcathcr-glafles  at  the 

X  4  fame 
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fame  Time,  and  in  the  fame  Place,  even  to  a  whoH 
Inch,  from  the  different  Gravity  of  the  Mercury  in  one 
and  the  other.  Therefore  thofe  who  publifh  Regifters 
of  the  Weather  ought  to  find  out  and  declare  to  the 
World  the  fpecific  Gravity  of  the  Quick-filver  they  ufe 
in  their  Barometers. 

7.  Thefe  Ufes  he  enumerates  over  and  above  what 
we  have  taken  Notice  of,  of  a  Mechanical  and  Geome¬ 
trical  Natu!^;  And  to  let  us  know  the  high  Value  he 
had  for  this  Science,  he  thus  expreffes  himfelf  :  “As 
“  little  Skill  as  1  have  in  Hydroftatics,  I  would  not 
“  be  debarred  from  the  Ufe  of  them  for  a  confiderable 

Sum  of  Money,  it  having  already  done  me  accep- 
“  table  Service,  and  on  far  more  Occafions  than  I  my- 
“  felf  fiift  expe£ted,  efpecially  in  the  Examcn  of  Me- 
“  tals  and  mineral  Bodies,  and  of  feveral  mineral  Pro- 
“  dudlions.”  Vv  ith  much  more  to  the  fame  Purpoirt. 

(LX  VI II.)  I.  To  render  this  Ledtureon  Hydrajiatics 
morecompleat,lfball  here  fubioin  what  relates  to  the  Re- 
fiftance  of  Mediums,  or  to  the  Motion  of  Bodies  moving 
inarefifiing  Medium  :  and  to  determine  rightly  in  this 
Cafe,  I  fhall  confider  every  particular  Circumftance  by 
itfelf,  coteris  pnEibui^  and  then  reprefent  the  Whole 
conneded  together.  We  fhall  fuppofe  the  Cafe  of  a 
Globe  7ncvtng  in  a  Fluid  of  an  unifonn  Denfity  for  a  given 
Time. 

2.  Firft,  Let  the  fame  Globe  move  with  the  fame 
Velocity,  firft  in  a  denfer  Fluid,  and  afterwards  in  a 
rarer ;  then  it  is  plain,  the  denfer  the  Fluid  is,  the 
more  Particles  the  Globe  will  meet  with,  and  ftrike  in 
a  given  Time  ;  and  therefore  the  greater  will  be  the 
Re-a(ftion  or  Refiftance  of  the  Fluid  :  Therefore  in  this 
Cafe  the  Rf fiance  of  the  two  Fluids  will  be  as  their  Den- 

fities, 

3.  In  the  next  Place,  fuppofe  two  different  Globes, 
of  the  fame  Quantity  of  Matter,  to  move  in  the  fame 
Fluid  with  the  fame  Velocity.  As  thefe  Globes  move, 
’tis  evident  the  Number  of  Particles  they  meet  and 
ftrike,  and  therefore  by  which  they  are  refifted,  will  be 
as  their  Surfaces,  or  rather  as  their  Half-Surfaces ;  and 
they  are  astheS(juaresoftheirDiameters:_Confequently, 

the 
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the  ReJi/i once  whi.h  iheje  Globes  tneet  Uiith  toill  he  as  the 
Squares  cf  their  Diameters. 

4.  Laftly,  Let  the  fame  Globe  move  in  the  fame 
Fluid  with  different  Velocities.  Now  it  is  eafy  to  con- 
ceive^  that  if  one  Globe  moves  with  a  V  eJocity  double 
to  that  of  the  other,  it  will  ftrike  twice  the  Number  of 
Particles  in  the  fame  Time,  and  its  Refiftance  will  be 

twice  as  great  on  thataccount.  Again ;  FheGlobe  which 

moves  with  a  double  Velocity  will  ftrike  each  Particle 
with  a  Force  twice  as  great  as  the  other  does  with  half 
the  Velocity  ;  the  Re-aaion  therefore  of  the  Particles 
on  the  former  will  be  twice  as  great  as  upon  the  latter. 
Therefore  the  Refiftance  to  the  Globe  moving  with  the 
double  Velocity  will  be  four  Times  as  great  :  And  fince 
this  will  be  the  Cafe  univerfally,  the  Rejiflance  to  a 
moving  Body  is  as  the  Square  of  its  F Hocify. 

5.  Now  putting  all  thefe  Cafes  together,  the  Refift¬ 
ance  to  a  Globe  moving  uniformly  in  an  uniform  Fluid 
will  be  in  the  compound  Ratios  of  the  Denfity  of  the 
Medium,  the  Square  of  the  Diameter,  and  the  Square 
of  the  Velocity.  So  that  if  A  and  B  are  two  Globes, 
whofe  Diameters  are  C  and  d,  and  Velocities  V  and  Vy 
moving  in  hdediums  whofe  Dennties  are  N"  and  n  j  then 
will  the  Refiftance  of  the  Globe  A  be  to  that  of  B,  as  N 
XD^XV^  to  n  ycd'-Xv-. 

6.  In  this  Computation  we  have  confider’d  only  that 
Refiftance  which  arifes  from  the  Re-aftion  of  Matter 
bv  its  Fis  Inertia  :  But  there  is  fome  fmall  Refiftance 
arifing  to  Bodies  moving  in  a  Fluid  irom  two  other 
Caufe°s,  viz.  one  from  the  Friaion  of  the  Body  againft 
the  Parts  of  the  Fluid  as  it  moves,  the  other  from  the 
Tenacity  of  the  Particles  of  the  Fluid,  which  arifes 
from  their  Attradlion  of  Cohefion.  But  both  thefe  are 
very  fmall  when  compared  with  the  other,  and  quite  in- 
confiderable  to  Bodies  moving  with  any  confiderable 
Swiftnefs.  The  Refiftance  peculiar  to  Air,  arifing 
from  its  Elafticity,  will  be  confider’d  in  another  Place. 

7.  In  the  above  Cafes  we  have  fuppofed  the  Bodies 
moving  in  the  Fluid  to  be  homogeneal,  or  of  the  fame 
Matter  and  Denfity;  but  if  they  are  heterogeneal,  or 
of  different  Denfities,  then  will  the  Refiftance  be  fur¬ 
ther  variable ;  for  it  will  be  inverfely  as  the  Denfities, 

or 
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or  Quantities  of  Matter  which  the  Bodies  contain  ;  be" 
caufe  the  greater  the  Quantity  of  Matter,  the  greate'* 
will  be  the  Momentum  of  the  moving  Body,  and  the  lefs 
the  Refinance  of  the  Medium  compared  therewith,  and 
fo  will  be  the  more  eafily  overcome  by  it.  Hence,  if 
the  tv/o  Globes  mentioned  in  Att.  3.  have  not  equal 
Quantities  of  Matter,  (as  is  there  fuppofed)  the  Refift- 
'  ance  will  be  as  their  Surfaces  direflly,  and  inverfely  as 

the  Quantities  of  Matter  ;  that  is,  as  to 


or  as  —  to  — ,  or  as  d  to  D. 
IJ  d 


That  is,  the  Reji^anee 


to  Globes  of  unequal  Diameters  and  ^eant  ties  of  Matter 
zviil  be  (creteiis  paribus)  inverfely  as  their  Diameters. 

8  Since  a  Body  moving  in  a  refilling  Medium  muH 
every  Moment  have  its  Momentum  or  Quantity  of  Mo¬ 
tion  (Q^MV)  abated  or  diminiflied  by  the  Re-a£lion 
of  the  Fluid  ;  and  fince  in  a  given  Time  this  Lofs  or  De¬ 
crement  of  Motion  is  always  as  the  Re-a£iion,  that  is, 
as  the  Refiftance  (R)  of  the  Fluid  :  But  the  momentary 

Increafe  or  Decreafe  of  Motion  is  as  its  Fluxion  Q_or 
VM.  Wherefore  the  Refinance  of  the  Fluid *for  any 
equal  Parts  of  Time  will  be  RzziQp:  V  M  ;  or  when 
the  Maf  of  Matter  M  is  given,  we  have  RrrQprV, 

9.  But  when  the  Moments  of  Time  are  not  given, 
that  is,  not  equal,  the  Refiftance  R  will  as  the  Decre¬ 
ment  of  Mlotion  Q^diredlly,  and  the  Moment  or  Fluxion 
of  the  1  ime  (T)  inverfely  ;  for  twice  the  Refiftance  will 
deftroy  the  fame  Quantity  of  thg  Motion  in  half  the 
Time, and  three  times  the  Refiftance  will  deftroy  it  inone 

Third  of  the  Time.  Therefore  R  —  ^  ^ 

eonfequently,  when  the  Mafs  M  is  given,  we  have  R 
=  .X;  that  is,  the  Refiftance  is  diredlly  as  the  Fluxion 

t 

or  momentaneous  Decrement  of  the  Velocity,  and  in¬ 
verfely  as  the  Fluxion  of  the  Time. 

10.  We  have  before  Qiewn,  ( Annoi.'X'Kl.  Art.  e^.) 
that  in  uniform  Motions  the  Relccity  is  as  the  Space  di.. 

reStly 


Hydrostatics.  ^15 

g 

reSlly,  and  the  Time  inverfelyt  or  V  =;  and  becaufe 

in  every  Kind  of  Motion,  whether  in  Vacuo  or  in  any 
Sort  of  refifting  Medium,  the  momentaneous  Velocity 
may  be  confider’d  as  equable  or  uniform,  or  pro¬ 
portional  to  the  Space  defcribed  each  Moment  of 

Time ;  and  therefore  V  and  fo  V  T 

t 

=  S,  and  T==  and,  taking  the  Fluents,  wefhaU 
have  the  Sum  of  ail  the  ReSlanglci  VT=Sr=:  the  Space 

defcribed,  and  the  Sum  of  ajl  the  Quotients  —  T  = 

V 

the  Time. 

II.  Therefore  if  the  Curve  BPCbe  fo  defcribed 
that  its  Ordinates  M  P,  m  p,  (perpendicular  to  the 
Axis  A  D)  expound  the  Velocity  V,  and  the  dbjcijfcs  y.  yy-TT 

(from  the  fix’d  Point  A)  A  M,  A  w,  the  Time  T  j  p.  ^ 

the  Perpendicular  A  B  being  erected  in  the  Point  A,  * 
and  meeting  the  Curve  in  B  ,  the  Area  A  B  P  M  will 
exprefs  the  Space  S  defcribed  in  the  Time  T.  Let 
mp  hz  infinitely  near  to  M  P,  then  will  M  =:  T  ; 
therefore  the  Fluxion  of  the  Area  A  B  P  M  will  be  the 
Areola  MP  ptn—V  T—  S. 

I  z.  In  like  Manner,  if  the  Abfcifs  AM  expounds  the 
Space  defcribed  —  S,  and  the  Ordinate  M  P  be  as 

the  Velocity  inverfely,  that  is,  if  M  P  be  as  ~  ,  the 

Area  A  B  P  M  will  expound  the  Time  T  in  which 
A  M  is  defcribed;  for  the  Fluxion  of  the  Time  being 

T=  —  =  S  Mm  X  MP,  the  Sum  of  all 

V  V 

thefe  Fluxionary  AreoIasMP  pm  will  be  the  Area 
A  B  P  M  exprefling  the  Time. 

13.  Becaufe  when  the  Mafs  of  Matter  in  the  moving 

V 

Body  is  given,  we  have  R  rr—  (  Jri.  9.  )  ;  therefore 

t 

R  '1'  ~V,  or  the  Fluxionary  Decrement  of  Velocity  ts  as 
the  Refi/lance  and  the  Fluxion  of  the  Time  conjointly.  But 
the  Fluxionary  Increment  of  the  Space  will  be  as  the  Veloci~ 
ty  and  its  Fluxionary  Decrement  direlily,  and  the  Re- 

ftftance 
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fiflance  inverfdy^  that  is,  S  =  -  ^  ^  j  for  as  above 

T  —  and  g  —V  T  {^Art.  10.) ;  therefore  S  —  V 
R 

V  V  X  V 

y  _  or  S  1= 

R  R 


14.  Hence  R 


VXV 


or  the  Rejijlance  is  as  the 


Velocity  and  its  Fluxionary  Decrement  direSily^  and  the 
Fluxion  of  the  Space  inverfely.  Alfo  R  S=  V  X  V  ; 
that  is,  the  Velocity  multiplied  by  its  Fluxionary  Decrement 
is  as  the  Refijiance  and  Fluxionary  Increment  of  the  Space 
conjointly.  Becaufe  the  Velocity  has  been  hitherto  con. 
fider’d  as  decreafing,  it  ought  to  have  the  Fluxion  V 
exprefs’d  negatively  in  the  above  Equations;  that  is, 
Rt=:— V,  andRS  =  — VXV. 

15.  We  have  alfo  hitherto  confider’d  the  Refiftance 
R  as  comprehending  all  that  retards  the  Motion  of  the 
Body  in  the  Medium.  But  this  retarding  Power  may 
arife  from  different  Principles,  as  the  l3enfity  of  the 
Medium,  or  its  particular  Refiftance  ;  and  alfo  from  a 
centripetal  Force,  as  that  of  Gravity :  Thus  a  Stone 
thrown  upwards  is  retarded  by  the  Refiftance  of  the 
Air,  and  Power  of  Gravity.  Let  the  Centripetal  Force 
be  C,  the  Refiftance  of  the  Medium  R  ;  then  will  R 

=:C-j-72  when  thefe  Forces  confpire,  and  R=:C _ R 

when  they  a£f  contrarily. 

16.  Thus  in  the  Motion  of  an  afeending  Body, 

where  R  — C-}-jR,  we  have  R  T  CT -ft- = _ 

V  ;  and  C  S  -f"  i?  S  = — V  X  V..  But  in  the  Defcent 
of  the  Body,  where  the  Centripetal  Force  C  is  greater 
than  that  of  the  Refiftance,  we  have  C — R ;  and  then 

the  above  Theorems  will  be  CT  — j^T  reV,  and  C  S 
. —  R  S>  =V  X  V  ;  for  now  the  Velocity  is  increafing, 
and  its  Fluxion  pofitive.  But  if  the  Central  Force  be 
lefs  than  the  Refiftance,  we  have  R — C  ;  then  it  will 
be  R  t— C  t  =— V,  and  R  S—  C  S  =—  VX V. 

17.  If  in  thefe  Theorems  we  fuppofe  Rno,  they  will 
be  changed  into  others,  by  which  the  Motions  of  Bodies 
in  non-refifting  Mediums  may  be  determined.  Thus 

for 
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for  the  Afcent  they  will  be  C  T  — V,  and  C  S  =: 

VXVj  and  for  the  Defcent  C  t  =  V,  and  C  S  = 

V  X  V.  And  thus  the  Motion  of  a  Body  in  a  refift- 
ing  Medium  may  be  compared  with  the  Motions  of 
the  fame  Body  in  a  non-refifting  Medium,  or  in  Vacuo. 

18.  If  the  Refiftance  be  equal  to  the  central  Force, 
that  is,  if  R—Q,  then  in  defcending  Bodie.s  we  have 
C  T  — RV  czV  =0  ;  confequently,  as  the  Fluxion  of 
the  Velocity  is  equal  to  Nothing,  the  Velocity  can  nei¬ 
ther  increafe  nor  decreafe,  but  is  in  that  Cafe  uniform  or 
equable. 

19.  Since,  till  this  happens,  the  Velocity  is  continu¬ 
ally  inereafing,  (becaufe  its  Fluxion  V  is  always  as  C — 

R  for  any  given  Time)  therefore  when  C=:R,  or  V 

0,  the  Velocity  of  the  defcending  Body  is  a  Aiaxi- 
mum,  or  the  greateft  poffible:  But  this  Velocity  Bodies 
defcending  in  a  Fluid,  though  they  conftantly  approach 
to  it,  will  never  attain ;  as  will  be  feen  in  the  Sequel 
hereof. 

20.  In  order  to  eftimate  the  Velocity,  the  Time, 
and  the  Space  deferibed  by  Bodies  falling  in  an  uni¬ 
form  Fluid,  fuch  as  Waters,  whole  Parts  have  no 
confiderable  Tenacity,  and  where  the  Retardation  of 
the  Body  is  the  Effedl  only  of  the  Refiftance  it  meets 
with  from  the  Vis  Inertia  orRe-adlion  of  the  Fluid  ;  it 
will  be  neceflary  firft  to  obferve,  that  when  any  Body 
moves  in  a  Fluid  with  a  given  Velocity,  theRe  adlion 
of  the  Fluid  upon  the  Body  is  the  very  fame  as  its  Aeftion 
upon  it  would  be,  were  the  Body  to  be  at  Reft  in  the 
Fluid  moving  againft  itw’ith  the  fame  Velocity  :  Becaufc 
the  Magnitude  of  the  Stroke  is  always  as  the  relative  Ve¬ 
locity,  which  is  here  the  fame  in  both  Cafes.  (See  An~ 
not.  XXI1I.8.) 

21.  Alfo  that  a  circular  Plane,  a  Cylinder,  a  Globe,P'XVIII, 
a  Spheroid,  a  Cone,  itic.  v/hofe  Breadth  is  theFig.  6. 
fame,  and  againft  which  the  Fluid  moves  in  a  per¬ 
pendicular  Diredion,  are  equally  adted  upon  by  the 

Fluid  ;  or,  if  they  move  in  the  Fluid,  are  equally 
refifted  by  it.  For  let  P  Q_  be  the  Diameter  of 
any  of  thofe  Bodies  placed  in  a  Canal  EFTS,  thro’ 
which  the  Water  flows  from  the  large  Veftel  A  BCD, 
into  another  below  fill’d  with  ftagnant  Water,  touching 
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the  Bottom  of  the  former  CD.  Then  (Ince  the  Capaf-i 
city  of  the  Canal  is  alike  ftraiten’d  or  diminifti’d  by  each 
of  thofe  Bodies,  it  is  plain  the  Fluid  flowing  through 
it  muft  fuffer  the  fame  Retardation  from  all  of  them, 
and  therefore  muft  adl  alike  upon  each  ;  confequently, 
were  the  Fluid  at  Reft,  and  thefe  Bodies  moving  through 
it,  they  would  all  be  equally  retarded. 

22.  It  muft  be  farther  obferved,  that  all  Refiftance 
arifitig  from  the  Afperity  of  the  Surfaces  of .  Bodies,  is 

\  not  here  confider’d  ;  alfo  it  is  fuppofed,  that  the  Fluid  is 
continuous,  infinitely  comprefs’d,  and  whofe  Parts  have 
no  Elafticity,  Tenacity,  norFridlionj  and  then  the 
Cafe  will  be  very  nearly  the  fame  with  very  deepJVat^r. 

23.  Now  Sir  Ifaac  Nevjton  has  ftiewn,  that  if  the 
Vefl'el  ABCD  be  indefinitely  large  or  wide,  the  Veloci¬ 
ty  of  the  Fluid  in  the  annular  Space  about  the  circular 
Plane  P  O  will  be  equal  to  that  which  a  Body  acquires 
in  falling  through  the  Height  GH  ;  becaufe  it  would 
be  fo,  were  the  Plane  P  Q_  placed  in  the  Orifice  E  F, 
the  Motion  of  the  Fluid  through  the  Canal  being  uni¬ 
form,  and  not  accelerated  by  Reafon  of  the  ftagnant 
Water  beneath. 

24.  He  farther  fltews,  that  If  this  Plane  were  placed 
in  the  Orifice  EF  at  the  Bottom  of  the  Vefiel,  as  ztpq^ 
it  would  fuftain  a  Portion  of  the  defcending  Fluid,  or 
Cataraft  A  EFB,  like  to  that  reprefented  by  />  H  y  , 
which  is  lefs  than  two  Thirds  of  a  Cylinder  of  the  fame 
Bale  pq,  and  Altitude  G  H,  but  greater  than  one  third 
Part  thereof  :  And  that  therefore  it  is  nearly  an  Arith¬ 
metical  Mean  between  them,  or  equal  to  Half  of  the  faid 
Cylinder. 

2j.  This  is  upon  Suppofition  that  the  Plane y  is 
exceeding  fmall ;  but  if  it  be  augmented  till  it  becomes 
equal  to  the  Hole  EF,  it  will  then  fuftain  the  Weight 
of  the  perpendicular  Column  of  Water  over  it,  that  is, 
it  will  fuftain  the  Weight  of  a  Cylinder  of  Water  of 
the  fame  Bafe  and  Altitude  G  H  :  And  that  therefore  in 
all  other  Cafes  the  Weight  which  the  Plane/)  q  fuftains 
is  to  the  Weight  of  a  Cylinder  of  Water,  whofe  Bafe  is 
equal  to  the  Plane  and  Altitude  |  G  H,  as  EF^  toEF* 
— i  pq\ 

2b.  The  Refiftance  (R)  therefore  to  the  Plane 
moving  in  the  Orifice  E  F,  and  confequently  of  the 

Plane 
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Plane  PQ_moving  in  the  Canal,  will  be  in  all  DI- 
menfions  of  the  Canal  and  Plane  compared  with  the 
Weight  (W)  of  a  Column  of  Water  whofe  Safe  is  e- 
qual  to  the  Plane,  and  Altitude  I  GH,  as  the  Area  of 
the  tranfverfe  Section  of  the  Canal  to  the  Excefs  of  this 
Area  above  '  the  Area  of  the  Plane  j  that  is,  R  :  W  :: 
EF^  :  EF^— iPQ_A 

27.  Let  now  the  Orifices  of  the  Canal  EF  and  ST  be 
doled  up,  and  let  the  Plane  P  Q_afcend  in  the  Fluid 
compress’d  on  every  Side  ;  and  in  its  Afcent  let  it  o- 
blige  the  fuperior  Fluid  to  defcehd  by  the  annular  Space 
between  it  and  the  Canal  ;  then  will  the  Velocity  (V) 
of  the  afcending  Plane  be  to  the  Velocity  (v)  of  the  de- 
fcending  Water,  as  EF’ — PQ_‘  to  PQ  ;  that  is,  V  :v  :: 
E  F’  —  P  ;  P  (>  j  whence  V  :  V  +  2;  ::  EF^  — 
PQ!  :  EFa 


28.  But  fince  the  Motion  of  the  W ater  is  contrary  to 
that  of  the  Plane,  the  relative  Velocity,  with  which 
they  ad  on  each  other,  is  the  Sum  of  both,  viz.  as  V 
-f-  (  See  Annot.  XX III,)  Now  let  this  relative 

Velocity  be  equal  to  that  with  which  the  Water  before 
tlefcended  in  the  annular  Space  by  the  Plane  P  Q_  at 
Reft,  (as  in  Art.  23.)  viz,  that  which  is  acquired  by 
falling  through  G  H.  Then  will  the  Adion  of  the 
Water  npon  the  Plane  be  the  fame  as  before  at  Reft, 
and  confequently  we  have  here  alfo  R  :  W  ::  E  F* : 
E  F^— i  P  Q,’  ;  and  V  :  (V+z;=:)  v  ::  E  F’— P  Q!  : 
E  FA. 


29.  If  now  we  fuppofe  the  Canal  to  be  augmented 
in  Width  infinitum,  P  Q_will  then  be  infinitely  fmall 
in  refped  of  EF;  whence  P  Q!  and  -f  P  Q!  will  vanifli 
in  the  Terms  of  the  above  Ratios,  which  will  then  be¬ 
come  equal;  and  fo  R=.W,  and  V —  v.  That  is,  the 
Rfifiance  of  the  Plane  will  now  become  equal  to  the  Weight 
of  a  Cfiinder  of  Water,  whofe  Baje  is  equal  to  that  of  the 
Plane,  and  Alitude  !  G  H:  Alfo,  the  Velocity  of  the 
Plane  is  equal  to  that  which  finch  a  Cylinder  would  acquire 
by  falling  through  the  Height  G  H. 

30.  Let  ArrArea  of  the  Plane  PQ_,  then  will  !  G  H 
X  A  =:  the  Cylinder  of  Water,  whofe  Weight  W  is 
equal  to  the  Refiftance  R  of  the  Plane.  But  the  Cylin¬ 
der  '  G  H  X  A,  moving  with  tne  fame  Velocity  V  of 
the  Plane,  will  have  the  fame  Refiftance.  The  Space 

through 
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through  which  it  muft  defcend  to  acquire  that  VelocS* 
ty  is  twice  its  Length,  viz.  GH  ;  and  with  that  Velo" 
city,  by  an  uniform  Motion,  it  would  pafs  over  a 
Space  equal  to  2  G  H  —  4.  times  its  Length  4  GH. 
Wherefore  the  Refijiance  of  the  Cylinder  Js  equal  to  the 
Force  (or  Weight  W )  by  which  (in  falling  freely)  a  Mo¬ 
tion  equal  to  that  of  the  Cylinder  may  be  generated.,  (  in  ac¬ 
quiring  the  Velocity  V )  in  the  Time  in  which  the  Jaid 
Cylinder  will  deferibe  a  Sface  equal  to  four  times  iti  Length. 

21.  Then  becaufe  the  Motion  M  of  the  Cylinder  is 
as  its  Length  L,  its  Bale  A,  its  Denfity  D,  and  its  Ve- 
locityV,  that  is,  M  :  Lx AXDX V  ;  Awwi.CVW, 
8.)  therefore  when  (as  in  this  Cafe)  the  Quantities  A, 
D,  V,  are  given,  we  have  M  :L;  and  fince  the  Time 
T  (in  which  the  Motion  M  is  generated,  or  4  L  is  de 
feribed)  is  alfo  as  L,  therefore  both  M  and  X  will  vary 
w.th  L  equally,  and  confequently  will  be  proportional 
to  each  other.  But  the  Force  which  generates  Quan¬ 
tities  of  Motion  proportional  to  the  i  ime  is  in  itfelf 
conflant  and  immutable,  and  is  therefore  equal  to  the 
Refiftance  of  the  Cylinder,  which  alfo  remains  unchang¬ 
ed  under  all  Degrees  of  Motion. 

%2.  If  the  Denfity  D  of  the  Cylinder  be  variable,  fo 
will  the  Quantity  of  Motion  M  belikewife,  and  alfo  the 
Force  W,  by  which  an  equal  Quantity  of  Motion  in 
the  fame  Time  may  be  generated  or  deftroyed.  There¬ 
fore,  let  (i  =r  Denfity  of  a,  Cylinder  of  Water, 
D  =:  Denfity  of  a  Cylinder  of  Lead  of  the  fame 
Bafe,  wa=Force  which  would  generate  the  Motion  of 
the  Cylinder  of  Water  in  the  Time  it  would  deferibe 
four  Times  its  Length,  and  W  the  Force  that  would 
generate  the  Motion  of  the  Cylinder  of  Lead  in  the 
fame  Time  :  d  hen  d  :  D  ::  w  :  W.  But  we  have 
fhewn  w~R,  the  Refinance  of  each  Cylinder  :  Confe¬ 
quently,  R :  W  d  :  D,  that  is,  the  Refifta  ce  of  a 
Cylinder  of  Lead  is  to  the  Force  zvhich  will  generate  its 
whole  Motion  while  it  de/cribes  fpur  'Times  its  Length,  as 
the  Denfity  of  Water  to  ihe  Denfity  f  L  ad. 

33.  Hence,  fince  the  Refiitanceof  a  Globe  and  Cy¬ 
linder  moving  in  a  Fluid  is  the  fame,  and  fince  a  Globe 
is  I  of  its  circumferibing  Cylinder,  the  Force  which 
will  generate  or  deftroy  the  whole  Motion  of  the  Cy¬ 
linder  while  it  moves  over  4  times  its  Length,  w'iH  go* 
nerats  or  deftroy  the  w'hole  Motion  of  the  Globe 

while 
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■while  it  moves  unifoi'mly  through  ^  of  4  DiameterS}  or 
of  its  Diameter. 

34.  From  what  has  been  faid,  if  the  Velocity  of  a 
Globe  or  Cylinder  moving  in  Water  be  known,  and  al¬ 
io  Its  Diameter  ;  then  the  Refiftance  it  meets  with 
from  the  Fluid,  while  it  moves  uniformly  throut^h,  is 
known  alfo.  Thus  let  its  Velocity  Vr:i6Feet/>“r  Se¬ 
cond,  and  its  Diameter  three  Inches.  Then  a  Body 
falling  through  the  Space  of  4  Feet  acquires  that  Velo- 
city,  (  fee  Annot.  LXXV.  6.  )  whence  GH=:4,  and  ~ 
GH  =  2  Feet,  the  Length  of  a  Column  of  Water^, 
whofe  Bafe  being  3  Inches  in  Diameter  will  weigh  about 
6  and  is  equal  to  the  Refiftance  of  the  Globe. 

35.  Hence  alfo  it  is  ea/y  to  find  the  Height  from 
which  if  the  Globe  falls  in  Vacuo^  it  fiiall  acquire  the 
Velocity  which  lhall  be  the  greateft  it  can  poffibly  ac¬ 
quire  by  defcending  in  the  Fluid  by  the  Force  of  its 
relative  IVeiglt.  IVhlch  Height  will  be  to  |  Parts  of  its 
JDiamttery  as  the  Dcnfty  of  the  Globe  to  the  Denfny  of  the 
Fluid. 

36.  For,  let  R  =  Refiftance,  D  =  Denfity  of  the 
CjlobC)  d — that  of  the  Fluidj  and  F~Porcc  which 
will  generate  the  Motion  of  the  Globe  in  the  Time  it 
moves  over  |  D,  where  Drrthe  Diameter  of  the  Globe  ; 
then  we  have  R  :  F  ::  af :  D  (in  A>t.  33,)  whence  Y  = 

DR  XT  1  n 

— .  I\ow  let  2  S  ~  Space  which  the  Globe  delcribes 

uniformly  in  the  Time  of  the  Fall,  and  with  the  Velo¬ 
city  acquired  thereby.  Then  will  2  S  :  |  D  ::  D  :  d 
{per  A,t.  22)  ::S:  .+  D.  But  T  and  t,  the  Times 
in  which  uniform  Spaces  are  defcribed,  are  as  thofc 
Spaces,  viz.  T  :  t  :  :  2S  :  §  D  ;  whence  T  :  t : :  D  :  d. 
Again,  fince  in  the  Times  ^  and  t  equal  Quantities  of 
Motion  are  produced,  viz  the  whole  Motion  of  the 
Globe  ;  for  F  produces  that  Motion  in  the  Time  t,  and 
in  the  Time  T  it  is  produced  by  the  Force  or  Relative 
Weight  of  the  Globe,  which  call  P.  Then,  fince  the 
greater  the  Time  is,  the  lefs  will  be  the  Force  a(51in<T 
uniformly  to  produce  a  given  Effedl;,  we  have  F  :  P 

T:t;  hence  F  :  P  ::  D  :  d;  and  fo F— 

d  ~  d  ' 

whence  P=:R,  that  is,  the  Refiftance  being  equal  to  the 
Weight  ot  the  Body,  it  can  be  no  longer  accelerated. 

^01- I-  Y  37.  As 
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37.  As  Sir  Ifaac  Newton  was  the  Author  of  this 

Theory,  fo  he  inftituted  a  Series  of  Experiments  to 
confirm  the  fame,  for  which  Reafon,  as  well  as  to  ex¬ 
emplify  the  foregoing  Method  of  Computation,  I  fhall 
here  repeat  fome  of  the  Principal,  made  with  Globes  of 
Wax  and  Lead  included,  let  fall  in  Water  through  the 
Depth  of  1 12  Inches.  His  firft  Experiment  was  with 
a  Globe  A'V  Parts  of  an  Inch  Diameter  cr  D,  whofe 
lA^ei<^ht  in  V^acuo  was  156  4i  Grains,  and  in  Water  77 
Grains,  therefore  156  —  77  =  79  U  Grams  =  the 

Weight  of  an  equal  Bulk  of  Water.  Wherefore  d  ;  U 
::  79 M  :  1564^4  D  (r:i2,24597  Inches)  :  2S=4,4256 

Inches  ;  and  fo  8=2,2128  Inches. 

38.  The  Globe  failing  in  Vacuo,  with  its  whole 
Weight  of  156  VI  Grains,  will  in  one  Second  of  Time 
defciibe  1934  Inches.  And  by  its  relative  Weight  of 
7Q|3  Grains 4n  Water,  it  would  in  the  fame  Time  by 
falling  in  Vacuo  defcribe  95,219  Inches.  For  the  Spaces 
defcribed  in  the  fame  Time  will  be  as  the  accelerating 
Forces  or  Weights  of  the  Bodies.  (  See  Annot, 

XXVII  2,  3.)  u-  u  V,  r-i  u 

39.  But  the  Time  T,  m  which  the  Globe  by  de- 

feending  tn  Vacuo  with  its  relative  Weight  of  yglf 
Grains,'’ will  defcribe  the  Space  S  =  2,2128,  is  to  the 
Time  /  =  I  Second,  in  which  it  defcribed  the  Space 
in  the  fubduplicate Ratio  of  thofe  Spaces  5  that 
Is.’t  It  s/2,2128  :  v/9S,2i9,'  wherefore  T  = 
s/  2,2  i28_^/,^  i^244=the  Time  in  which  the  Globe 
by  de'fcVnding  in  Vacuo  acquires  the  greateft  Velocity  V 

with  which  it  can  defeend  in  the  Water. 

40.  In  the  next  Place,  to  find  the  Velocity  and  the 
Space  deferibed  in  the  Fluid  in  the  whole  Time  of  the 
Fall  (F)  Sir  has  this  Method;  let  the  Number  N 

be  found  for  the  Logarithm  0,4342944819-7^  ;  then  is 

the  Velocity  of  the  Globe  at  the  End  of  the  Fall  = 

^  ^  X  V.  Again,  let  L  be  the  Logarithm  of  the 

N-f-i  ' 

Number  — — j  then  will  the  Space  defcribed  be-T^  — 

138629 
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j  3^^.^95+4)60517  LS.  Thefe  Velocities  and  Spaces 
defcnbed  are  calculated  and  difpofed  into  a  Table  by 
our  Author  for  any  Number  of  Seconds  to  ro  T.  The 
Demonftration  of  the  above  Rules  is  too  long  and  intri¬ 
cate  for  this  Place,  but  may  be  (eenin  the  Commentary 
on  the  Principa  by  Le  Seur  and  "facquier.  This  Table 
will  be  inferted  at  the  End  of  this  Note. 

41.  By  this  Table  you  fee  how  foon  Bodies  acquire 
their  greateft  Velocity  in  defcending  in  tVater  ;  for 
Inftance  in  sT=io'',76=46'^  the  Globe  has  acquir¬ 
ed  a  Velocity  which  is  to  the  greateft  as  99990920  to 
loooooooo.  And  in  ioT=:i''  ;  ^0'"  the  Velocity  of 
the  Globe  is  to  the  greateft  V'elocity  as  99999999^.  to 
joooooooo.  Which  Difference  is  infenfible  to  the  moft 
critical  Eye;  and  from  thence  (having  fallen  through 
37  Inches)  it  defcends  with  an  uniform  Velocity  I0 
Appearance,  tho  it  really  for  ever  increafes. 

If  the  Time  of  Defcent  in  the  Water  be  lefs  than 
10  T,  the  Diflance  defcended  is  fhewn  by  the  third 
Column  ;  but  if  it  be  greater,  as  in  the  prefcnt  Expe¬ 
riment  it  is  4.",  then  fay,  as  T  :  2S  : :  V' :  ^  =  116, 1 245 

Inches,  becaufe  Spaces  delcribed  with  an  uniform  Ve¬ 
locity  are  as  the  1  imes.  ^  his  uniform  Space  muft  be 
diminiflied  by  fubftrading  the  conftantNumber  1,38629 
S.  Therefore  116,1245  —  1,38629  S  =  113,0569 
Inches,  which  the  Globe  Ihould  dcfcribe  in  the  Water 
in  4"  by  the  Theory. 

43.  But  in  the  Experiment  it  defcribed  only  112  In¬ 
ches,  which  Difference  of  i  Inch  in  112  is  inconfiderable, 
and  would  have  given  no  Difturbance  to  any  but  Sir 
J/aac  Newton.  But  he  being  as  nice  in  Practice  as 
fkilful  in  Theory,  attempted  another  Set  ofExperiments 
in  a  deeper  Veffel,  viz.  of  15,3  Feet  or  183,6  Inches. 

1  lhall  here  give  the  Reader  a  View  of  the  Event  of  his 
■feveral  Experiments  in  both  Veffels  in  the  follovvincr 
Table.  ° 
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In  the  Veffel  i  1 2  Inches  deep. 


1 

!S 

Weight  in 

Air. 

Weight  in 

Wate  . 

0 

a 

? 

t 

Grains. 

• 

Grains. 

r' 

if 

5 

1 

2 

I2I 

1 

In  the 

3 

■391  1 

ik 

4 

54-1 

212| 

1 

!  6 

293b 

7 

'39 

61 

8 

2735 

1405 

c 

384 

192^ 

K 

3  48 

4 

1 

141 

4s 

I 

■ 


Times  of  their  D'-fcent  in 
Experiments. 
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3 

U  '5 

15 

3 
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50 

Time 
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ry. 

./  h, 

i4'-48 
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In  the  Vefiel  183  Inches  deep. 


4 

4 

5 
4 
4 
4 
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% 
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z84 

15 
29 1 
50 
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>7l 

44I 

6; 


3 

29 
iSi 

30 

50I 

123 

18 

45 

64 


51 

53 

50 

2'^ 

30 

18 

29 

16 

'7 

15 

30^ 

31 

28 

51 

52 

12 

13 

i8i 

46 

65 

'9 

155 

46? 
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A4.  In  all  the  Experiments  of  the  deep  Vefiel,  the 
Times  are  exprelTed  in  Half  Secort^.  xhzX  is,  in  all  but 
the  two  firft.  And  the  fmall  Differences  fiom  the 
Theory,  Sir  Ifaac  very  eafily  accounts  for  from  the  of- 
cillatoi  y  Motion  with  which  thofe  which  defcended  moft 
flowly  were  found  to  move,  as  in  the  5th,  8th,  and  9th 
Experiments.  But  in  thofe  which  uefcended  more 
^iftly,  the  Times  very  nearly  correfpond  w*  ^e 
Theory.  Thefe  Experiments  were  made  m  Water  , 
others  were  made  in  Air,  to  Ihew  that  the  Phenomena 
a-rree  with  the  Theory  in  an  elaftic  and  rare  Medium, 

well  as  in  a  non-elaftic  and  denfe  one.  .  .  rn  • 

AC.  In  order  to  this  the  Denfity  of  ^r  to  that  of  Ram 
\vt?er  is  aflumed  as  i  to  8fco  ;  and  5  Globes  form  d  of 
Hog’s  Bladders,  blown  in  a  wooden  Mould  while 
<rrefn,  and  taken  out  when  dry,  were  let  f^" /rom  the 
borne  of  St.  Paul's  to  the  Pavement,  from 
of  27  2  Feet,  and  the  Time  meafured  by  Half  Second 
Pe,Xlun.s  i  the  Event  of  all  the  five  Globa  ,,  Ihewn 
in  the  following  Table.  1  lhall  here  fubjoii,  a  Calcula- 
tion  for  one  of  them,  viz,  the  3  >  o 
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46.  The  Diameter  of  this  Globe  was  5,3=D,  and 
it  weigh’d  137,5  in  Air.  A  Globe  of  Air  of  the  fame 
Diameter  weighs  23  Grains,  very  nearly  ;  therefore 
i37,5-[-23  =  i6o,5  Grains,  the  Weight  oftheGlobe/« 

Vacuo.  Wherefore,  as  23  :  160,5  ::  |  D  :  2  S  = 

98,626.  Again,  as  160,5  •  •  •  ^93t  "  165,628 

±a inches  the  Bladder  would  fall  in  the  Air  in  one  Se¬ 
cond.  But  with  the  fame  relative  Weight  1374,  it 
will  in  Vacuo  defcend  thro’  the  Space  5=49,313  in  the 
Time  o"',5456=T,  and  acquire  the  greateft  Velocity 
with  which  it  can  defcend  in  Air.  The  Time  of  the 
Fall  was  iSY',  in  which  with  that  Velocity  the  Globe 
Would  defcribe  278  Feet  8  Inches  by  an  uniform  Mo¬ 
tion;  for  o",5456  :  98,626  Inches  ::  i8i" :  278}  Feet. 

Daftly,  fubduft  1,3863  S  =55  Feet,  and  there  remains 
273  Feet,  though  in  the  Table,  by  a  more  accurate 
Calculation,  it  is  but  272  Feet,  7  inche'^,  and  by  the 
Experiment  it  was  272  Feet. 

47.  The  following  Table  fliews,  in  the  firft  Co¬ 
lumn,  the  Weight  of  each  Globe  or  Bladder;  the  fe- 
cond  its  Diameter  ;  the  third  the  Time  in  which  they 
feverally  defcended  through  the  Height  of  272  Feet  ; 
the  fourth  fhews  the  Spaces  they  ftiould  have  defcended 
through  by  the  Theory  ;  and  the  laft  Column  fliews  the 
Difference  between  the  Theory  and  Experiments. 


The  Weight 
in  Grains. 

Diameter 
n  Inches. 

Titties  of 
fe  Fall. 

Spaces  per 
Theory. 

Difference. 

I  z8 

5,28 

19" 

Feet.  Inch. 
271  —  ii 

Feet.  Inch, 
c  —  r 

156 

5>i9 

17 

^•272—  o’ 

0  -  0^ 

272—  7 

0  —  7 

91\ 

99i 

5,26 

22 

277—  .4 

5  —  4 

5 

21 

282  —  0 

10  — 

48:  According  to  this  Theory,  having  found  the  Re- 
fiftance  which  a  Globe  meets  with  indefcending  in  any 
refifting  Medium,  agreeing  to  its  greateft  Velocity,  it  js 
eafy  then  to  find  its  Reftfta.nce  for  any  lefier  Velocity 
propofed  ;  becaiife  the  Refiftance  for  any  given  Veloci¬ 
ties,  will  be  as  the  Squares  of  thofe  Velocities. 

Y  3  49.  The 
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49.  The  Globe  has  been  hitherto  fuppofed  to  begin 
its  Motion  in  the  refilling  Medium  from  a  State  of  Reft ; 
but  we  may  fuppofe  it  alfo  projefted  into  fuch  a  Medi¬ 
um,  or  to  enter  it  with  a  certain  Degree  of  Motion  or 
Velocity  ;  and  in  this  Cafe  we  may  determine  the  Ve¬ 
locity,  the  Refiftance,  and  the  Space  defcribed  in  the 
Medium,  from  any  given  Time  by  knowing  the  Den-, 
fity  of  the  Globe  and  Medium,  and  the  Velocity  with 
which  it  enters  it;  as  alfo  what  Part  of  its  Motion  the 
Globe  fhall  have  loft  in  that  Time. 

50.  But  in  order  to  this,  we  muft  take  to  our  AlHft- 
ance  the  Hyperbola.  Therefore  let  ABrrTime  in  which 
the  Globe  would  lofe  its  whole  Motion  by  the  Refift¬ 
ance  it  meets  with  (upon  entering  the  Fluid,  )  if  uni¬ 
formly  continued.  In  the  Points  A  and  B  erecft  the 
Perpendiculars  A  D  and  B  C  ;  and  let  B  C  reprefent  the 
Motion  or  Velocity,  and  alfo  the  Refiftance  of  the 
Globe  at  its  Entrance  into  the  Fluid  ;  thro’  the  Point 
C,  let  the  Hyperbola  be  defcribed  to  the  Afymptotes 
AD  and  AB  continued  to  any  Point  E  ;  in  E  eredt  the 
Perpendicular  E  F  meeting  the  Hyperbola  in  F  ;  com- 
pleat  the  Parallelogram  C  B  E  G  ;  and  draw  AF  cut¬ 
ting  BC  in  H. 

5 1 .  Then  if  the  Globe  in  any  Time  B  E  defcribes  in 
Vacuo  the  Space  reprefented  by  the  Parallelogram  BCGE 
by  its  firft  Velocity  B  C  uniformly  continued,  it  will  in 
a  refifting  Medium defcribe  the  hyperbolic  Space  or  Area 
BCFE  ;  and  its  Motion  or  Velocity  at  the  End  of  the 
Time  B  E  will  be  reprefented  by  the  Ordinate  E  F,  and 
the  Part  loft  by  F  G.  Laftly,  its  Refiftance  at  the 
End  of  that  Time  will  be  B  H,  and  the  Part  loft  H  C. 

52.  For  B  C*  :  E  F* : :  BC  ;  =  the  Refiftance 

at  the  End  of  the  I'ime  BE,  as  B  C  is  that  at  the  Be- 
ainnine.  And  from  the  Nature  of  the  Hyperbola,  B  C 
r  E  F  T:  AE  ;  A  B  ;  and  by  fimilar  Triangles  A  E  : 

E  ° 

A  B  :  :  E  F  :  B  H  ;  wherefore  H  B  — 

fiftance  at  the  End  of  the  Time  B  E. 

5"^.  Hence  if  the  Globe  in  any  Time  T  lofes  its 
whole  Motion  M  by  the  Refiftance  R  uniformly  con¬ 
tinued^ 
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tinned  ;  th?  fame  Globe  (hall  in  a  refifting  Medium,  by 
the  Refiftance  R  decreafing  in  the  duplicate  Ratio  of  the 

t  M 

Velocity,  in  the  Time  t  lofe  the  Part  —  .  -  of  its 


'■h  1 


whole  Motion  M  j  and  then  M  ■ 


T  +  t 
TM 


will 


r+/ 

be  the  Part  of  the  Motion  remaining.  For  let  m  be  the 
fefidual  Motion,  then  T  ;  t  :  :  A  B  :  B  E  (by  Jrt.  50, 
51.)  and  hence  T+t  :  T  ; ;  A  E  :  A  B  ;  and  moreover 
M  •  7w  : :  C  B  ;  F  E  : :  A  E  :  A  B  ;  whence  T +/  :  T 

TM 

:\M\m  cojifequently 

54.  Laftly,  the  Space  (S)  defcribed  >n  the  refilling 
Medium  in  the  Time  t  will  be  to  the  Space  (2S)  de- 
fcribed  by  the  uniform  Motion  M,  as  the  Logarithm 

of  the  Number  -^X  2,302585  to-;^;.  For  let  AB 

z=.a,  BC=£,  BEzrA-,  and  AE=:fl-f'-*‘,  and  LeziLoga- 
rithm.  Then  ( Per  Conics)  the  Area  BCEF  a  b  X 

L  and  the  Rectangle  B  C  G  E  a,  whence  s 

a 

:  2  S  : :  ^  X  L  ’.bx\  and  dividing  by  a  we 


^  ..T  I±f 
«  •  ’  •  *  /-»-« 
a  1 


.T- 


but  the 


have  r :  2  S  ; :  L — 

ExpreffionL^^,  as  it  here  Hands,  is  an  hyperboli- 

cal  Logarithm,  which  is  to  the  common  tabular  Lo. 
garithm  as  2,302585  to  Confequently  the  tabular 

L  "?^X2,302585  =  Logarithm  fought. 

5;.  The  Spaces,  Times,  and  Velocities  of  Bodies 
moving  either  by  their  Vis  inftin  alone,  or  conjointly 
with  an  accelerating  Force,  as  Gravity  ;  in  refilling 
Mlediums  of  various  Lenfity  and  Ratio  of  Refinance, 
may  be  analytically  invelligated  as  follows.  Let  the  initial 
Velocity,  or  that  with  which  it  begins  its  Motion  in 
the  Fluid  be  V,  the  Time  t,  the  Space  defcribed  1,  and 
the  Velocity  at  the  End  of  the  Time  v,  theDenfityof 

Y  4  the 


V 
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the  Medium  and  the  Refiftance  r  as^^. 


Then 


dv^s 

(by  Art.  14.)  r  s— — dv.,  wherefore - — — dvtand 

a” 

fods  —  a”'vv^ — » 

56.  Whence  if  the  Denfity  be  uniform,  as  of  Wa¬ 
ter,  then  d—i.  And  if  thenj  =.  .  = 


- •  Now  s  is  the  Fluent  of  the  Fluxion  i,  and  the 


Fluent  of - is  Q;— L  v,  where  Q_is  fome  con- 

Rant  Quantity,  to  find  the  Value  of  which,  fuppofe  r  = 
Q;;— L  v—Q,  then  Q=a’  L  7;,  but  when  s—o,v=Yi 
therefore  Q=«*L  V,  Wherefore  s  a^lSY—  a^ljv=. 

V 

a-h~. 

V 

57.  The  Time  t  is  found  by  the  Formula  in  Art.  10. 
where  we  had  t  — but  becaufe  when  is  given. 


_  s  _ a^-v  Til— ?>' 


s  —a”vv^ — "  {Art.  therefore  t  =  ^  — 

'v  . 

—aii-v — n.  Whence  taking  the  Fluents  we  have  t  == 
Q- — — ” 

— ^ — — —  ;  and  putting  t—o^  we  have  v=.Yy  where¬ 
fore  QpranV I—”  j  confequently,  fubftitutine:  for  Q  its 

V  I  u 

Value,we  have  t  — - - — .  Hence,  if«  =  2. 


^7W  — 


a^v 


X 


1 — n 

Y — V 


V  V  Yz> 

58.  We  had  above  r  r=  and  taking  the 

1  luents  on  both  Sides,  we  have  s  -  ^ - = 


2 — n 

Let  2 — n—  m  ;  then  rm  ~  a^Ym 


a”  v’’’y  hence  a>'Y rn — ’in  s  zrz  a”  v”‘‘,  therefore  v  — 


wYk- 


-m  s  m 


.  Which  Theorem  therefore  gives  the 


Velocity  when  the  Space  is  known. 
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59.  In  thefe  Theorems  we  fee'  the  Agreement  with 
the  former  Methods  of  determining  thefe  Quantities. 

Thus  the  Space  by  Theorem  in  Art.  56.  is  s—a^  L  Y 

V 

T+t 

=  2,302585  L  -^(in  Art.  54. )  =  B  C  FE,  the 

Hyperbolic  Space  in  the  Figure.  Whence,  in  this  Cafe, 
«^=2,302585  X  I  D. 

60.  To  determine  the  Space  r  which  the  Globe  fhall 

have  pafs’d  by  its  Fis  inftta  when  it  has  loft  half  its  Ve¬ 
locity  or  Motion,  that  is,  when  V  :  : :  2  :  i  j  we 

have  L-,  or  the  Logarithm  of  |  =  0,301030,  which 

multiplied  by  2,302585  gives  0,693  r  ;  and  this  again, 
multiplied  by  f  ^=2,6  Z),  gives  1,84832  D=j-,which 
is  not  quite  2  Diameters. 

61.  The  Time  /  being  always  as  a'-  X  ^i^,or(be-  ' 

caufe  a  is  conftant)  as-— —  j  therefore  when  V, 

.V  z;  i  ’ 


we  have 


V— x; 


V  V 


j  =  t,  which  fliews  the  Time  in 

which  the  Globe  loles  half  its  Motion  is  half  the  whole 
Time;  that  is,  BE=AB  (in  the  Figure)  the  Time  in 
which  by  an  uniform  Velocity  B  C  it  would  defcribe  1 
Parts  of  its  Diameter.  ^ 

62.  If  the  Medium  be  fimilar,  or  of  an  uniform  Den- 
ftty,  where  d—\ ;  and  if  the  Refiftance  be  in  the  fimple 
Ratio  of  the  Velocity,  then  «  =  i ;  and  by  the  Theo 

rems  above,  s—aV — av^  and  t=a  lY,  and  v  zz  V _ 

V 

s 
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63.  If  in  the  foregoing  Equations  the  Velocity  v—o, 

then  s— - ,  when  n  is  lefs  than  2.  But  when  n 

2 — n 

V 

=2,  j — L  — r=  Infinite  ;  if  n  be  greater  tlian  2,  then 


alfo  r  = 


an 


iV"  v'’- 


a” 


rxv^. 


,Xo 


:  Infinite.  That 
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is  there  Is  but  one  Cafe  in  which  the  Globe  moving  in 
the  Fluid  can  lofe  its  Velocity,  or  come  to  a  State  of 
Reft  in  defcribing  a  finite  Space,  and  confequently  m  a 
finite  Time,  viz.  when  n  is  lefs  than  2.  In  all  other 
Cafes  the  Motion  will  never  be  totally  deftroyed.  And 
when  «=i,  then,  though  the  Space  be  finite,  wz. 
t  =  a  V,  yet  the  Time  of  defgribing  it  wiU  be  infimtei 
V 

L- =  Infinite. 

6 

6a..  After  a  like  Manner  we  may  raife  Theorems  for 
the  Spaces,  Times,  and  Velocities  of  a  Body  defcend- 
ing  by  the  Force  of  Gravity  in  any  refifting  Medium. 
For  mppofe  the  Medium  of  an  uniform  Denfity,  and 
the  Refiftance  in  any  multiplied  Ratio  of  the  Velocityj 

asr=:  — — ;  then  for  a  defcending  Body  we  have  (by 
a«— s 

v’’  s  _ 

Jrt.  16.)  ^vi,  and  therefore  c  - 

<U  ep 

vvi  whence  /  = 

*65.  Alfo  becaufe  {by  Art.  10.)  i  =  therefore  we 
C  -  V' 

afid 

O  ^  QT. - i  -p.  <1)11 

V  a”-”^ 

^  C  ft" 

()6.  If  the  Refiftance  be  as  the  Velocity,  then  n~ij 

-  vni  ■’  .  . 

and  in  the  defcending  Body  j  =  -  _  —  -|- 


havp i  "  I  — r-  .  And  in  like  Manner  the  The, 

navcr  -r- 

■  V  V  ” — * 


orems  for  afcending  Bodies  are  i  = 


V 


C  ‘1/ 


—  ;  the  Fluents  of  which  are  s  —  Q. —  v-, —  c  L. 

■V 


but  fince  when  r  ~  c  it  is  ■y  —  V,  therefore  then 
Q_=  V  +  rL.  c  —  V  ;  and  Jo  j  =  V  —  -u 
c  —  V 


cL. 


C  -  V 

C - V 


Alfo  the  Time  is  had  from  the  Equation  i  = 


;  of  which  the  Fluents  are  t  =  (J,--  he  v 
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=  L  =  '-'^ 


~_2_  y'  for  afcending  Bodies  s  —  V _ v 

c4-Y 

-f-  f  L  - - -  j  and , 


-U  =  L‘+1 


C  V 

67.  If  the  Refiftance  be  as  the  Square  qf  the  Velo¬ 
city,  then  «  =  2,  and  r  =  1.  Let  ^  =  the  greateft 

Velocity  the  Body  can  acquire  by  dcfcendihF  in  the 
Fluid,  and  becaufe  then  the  Refiftance  is  equal  to  its 
Gravity  or  Force  of  its  Weight  (by  Art.  36.)  we  have 

^  —  ~s  (for  in  that  Cafe  v  ~  V,)  whence  rr  V^, 

Let  S  =  Space  defcribed  in  Vacuo  to  acquire  the  Velo¬ 
city  Vj  then  becaufe  (by  Art.  17.)  in  that  Cafe  cS  =3 

VV,  therefore  c  S  =  4  FF,  and  fo  zcZ  —  VV-ac^ 
confequently  a  =  2  S. 

68.  Therefore  fince  (Art.  64.)  /  —  _ 

28v<v  '  a  c-^  v'^~ 

y=- _ putting  Vv  —  vv~xxy  and  taking  the 

Fluxions  vi  zz  —  xk,  and  therefore  f  =  — . 


2  Si- 


XX 


= - —  »  and  taking  the  Fluents,  s  b=  Q^~-  2  S  L. 

*=Q_SL.  .v*  =  Q_SL.  V-  —  Wherefore 
when  s  =  we  have  ^  =  V,  the  initial  Velocity,  then 
S  L.  W  —  V  .  And  confequently  i  =  S  L. 


69.  Let  L.h  —  i‘,  then  sL.  /ozzSL, 


V^~V^ 


V-  —  V-  ’  s 

T/— — V*  <•■  v^' _ V^^ 

L  z.  _  L^  g  _  L  therefore 


.  ,  F^Z-S  +  V^^ _ V^ 

whence  we  get  = - Z - JL  .  Wherefore 

the  Velocity  v  is  from  thence  eafily  found, 

70,  The 
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70.  The  Times  t  it  obtain’d  by  the  Equation  i  z3 

S  ..  S  . 

.  r7  ^ 


S  ‘ 

and  taking  the  Fluents  we  have  t  =  Q_-f-  ^L.  F-{-v — 


-  ;  and  putting  t 


F+V.  . 

T/  ST  » 


and  fo  ■y  =  V,  we  (hall  find  Q.=  — >^L 


therefore  at  length  we  have  i  =.  -pL  y  ^  ^  y.  ^ 

71.  If  the  Body  defcends  in  the  Fluid  from  a  State 
of  Reft,  then  V  —  0 and  fo  the  Space  s  =  S  L. 


S  ,  F+v 


and  the  Velocity 


^ithe  Time/  = 


=  v/  —  _ _  And  in  like  Manner  are  found 


the  Equations  for  the  Spaces,  Times,  and  Velocities  of 


Bodies  afcending  in  a  refilling  Medium,  which  are  the 
fame  with  thefe  having  only  the  Signs  of  V  and  v 
changed. 

72.  Thus  I  have  given  a  Specimen  of  the  feveral 
Ways  that  have  been  ufed  to  reprefent  and  compute  the 
Motion  of  Bodies  moving  in  refitting  Mediums  of  any 
Denfity,  and  according  to  any  Law  of  RefUl^nce. 
The  Theorems  in  the  latter  Articles  exprefs  moft  of 
the  Cafes  in  Prop,  i,  ii,  in,  vi,  viii,  xi,  of  Sir 
IJaac  Newtons  fecond  Book  of  Principia  ;  I  could  have 
inferted  many  more,  but  have  already  extended  this 
Note  to  a  great  Length  ;  and  fhall  refer  the  Reader  to 
the  admirable  Commentary  on  our  Author  by  Meffrs. 
Le  Seur  and  Jacqiiier,  from  whence  I  have  colle£led 
moft  of  thefe  Articles. 

73.  I  ftiall  conclude  with  inferting  the  Table  refer*d 
to  in  the  foregoing  Computations,  which  is  as  follows. 
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Time  of 
the  Fall. 

F elodties 
acquired  in\ 
the  Fluid. 

Spacesdefcrih- 
ed  by  failing 
in  the  Fluid. 

df/cices  ite- 
fcribedwith 
the  greateji 
V elocity. 

Spaces  de¬ 
fer  ibed  by 
falling  in 
Vacuo. 

0,001  1 

99999TO 

0,000001  S 

0,0028 

0,000001 S 

0,01  T 

999967 

0,0001  S 

0,028 

0,0001  8 

0,1  T 

9976799 

0,009983  S 

0,2  8 

0,01  8 

0,2  T 

•9737532 

0,039736  S 

0,48 

0,04  S 

0,3  T 

zqi 31261 

0, 088681  S 

0,68 

0,09  8 

0,4  T 

37994896 

0,155907  s 

0,8  8 

3, 1 6  8 

o,3T 

4621 1716 

0,240229  s 

i,oS 

0,25  8 

0,6  T 

53704957 

0,340270  s 

1,28 

0,36s 

0,7  T 

60436778 

0,454540  s 

1,48 

0,498 

0,8  T 

66403677 

0,581 307  s 

1,68 

0,648 

0,9  T 

71629787 

0,719660  s 

1,8  8  1  . 

0,8 1  8 

I  T 

76159416 

0,867561  s 

2  S 

1  8 

2T 

064.02738 

2,650005  s 

48 

4S 

3  r 

99505475 

4,618657  s 

68 

9  S 

99932930 

6,614376  s 

8  8 

16  8 

s 

qqqqoqzo 

8,613796  s 

lo  8 

25  8 

6T 

99998771 

10,61 37 1 8  8 

28 

36  8 

7T 

99999834 

12,613707 

1 4  8 

49  S 

8T 

9999980 

14,613706  s 

i68 

63  8 

9999997 

16,61 3705  s 

188 

81  S 

loT 

99999994 

18,61 3705  s 

lo  8 

1 00  8 

^/jL’  End  of  the  First  Volume. 
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